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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] So that it may be formed with an outer wall and the processed substrate on said 
maintenance base may be met on said processing container with the processing container 
equipped with the maintenance base holding a processed substrate, and the exhaust air system 
combined with said processing container The microwave transparency aperture prepared as said 
some of outer walls, and the plasma gas feed zone which supplies plasma gas into said 
processing container, It consists of a microwave antenna formed on said processing container 
corresponding to said microwave. Said microwave transparency aperture Plasma treatment 
equipment with which the inside of the side which meets said processed substrate is 
characterized by having the concave surface configuration in which spacing between the flat 
surfaces which are in agreement with said processed substrate front face decreases toward the 
direction outside of a path of said microwave transparency aperture. 

[Claim 2] Said spacing is plasma treatment equipment according to claim 1 characterized by 
decreasing continuously toward the direction outside of a path of said microwave transparency 
aperture. 

[Claim 3] Said spacing is plasma treatment equipment according to claim 2 characterized by 
decreasing smoothly toward the direction outside of a path of said microwave transparency 
aperture. 

[Claim 4] Said spacing is plasma treatment equipment according to claim 2 or 3 characterized by 
decreasing linearly toward the direction outside of a path of said microwave transparency 
aperture. 

[Claim 5] Said spacing is plasma treatment equipment according to claim 2 or 3 characterized by 
decreasing in nonlinear toward the direction outside of a path of said microwave transparency 
aperture. 

[Claim 6] Said spacing is plasma treatment equipment according to claim 1 characterized by 
decreasing stair-like toward the direction outside of a path of said microwave transparency 
aperture. 

[Claim 7] Said spacing is plasma treatment equipment according to claim 1 characterized by 
decreasing toward the direction outside of a path of said microwave transparency aperture only 
in the periphery of said microwave transparency aperture. 

[Claim 8] Said microwave transparency aperture is plasma treatment equipment given [ among 
claims 1-7 characterized by the external surface which counters said inside consisting of a flat 
side ] in any 1 term. 

[Claim 9] Said microwave transparency aperture is plasma treatment equipment given [ among 
claims 1-8 characterized by constituting said plasma gas feed zone which has a plasma gas path 
inside and emits plasma gas into said processing container ] in any 1 term. 
[Claim 10] Said microwave transparency aperture is plasma treatment equipment according to 
claim 9 characterized by having two or more openings which are open for free passage to said 
plasma gas path. 

[Claim 1 1] A microwave transparency aperture is plasma treatment equipment according to claim 
1 0 which is close to the cover plate which constitutes some outer walls of said processing 
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container, and said cover plate, is formed, and is characterized by consisting of a shower plate 
which has two or more openings which are open for free passage to said plasma gas path and 
this. 

[Claim 12] Said microwave transparency aperture is plasma treatment equipment according to 
claim 10 or 11 characterized by consisting of a precise ceramic. 

[Claim 13] Said microwave transparency aperture is plasma treatment equipment according to 
claim 9 characterized by consisting of porous media. 

[Claim 14] Said microwave transparency aperture is plasma treatment equipment according to 
claim 9 characterized by consisting of a cover plate which constitutes said some of processing 
containers, and a shower plate which consists of porous media formed by being close to said 
cover plate. 

[Claim 15] Said porous media are plasma treatment equipment according to claim 13 or 14 
characterized by consisting of a sintering ceramic. 

[Claim 16] Said plasma gas feed zone is plasma treatment equipment given [ among claims 1-8 
characterized by consisting of tubing connectable with the source of plasma gas formed in said 
processing container outer wall ] in any 1 term. 

[Claim 17] Said microwave transparency aperture is plasma treatment equipment according to 
claim 16 characterized by consisting of a precise ceramic. 

[Claim 18] Furthermore, plasma treatment equipment given [ among claims 1-17 characterized 
by preparing a raw gas feed zone between said processed substrates and said sources of plasma 
gas ] in any 1 term. 

[Claim 19] Said raw gas feed zone is plasma treatment equipment according to claim 18 
characterized by having the plasma path which passes the plasma, a raw gas path connectable 
with the source of raw gas, and nozzle opening of a large number which were open for free 
passage to said raw gas path. 

[Claim 20] Plasma treatment equipment given [ among claims 1-19 characterized by including 
the RF generator furthermore connected to said maintenance base ] in any 1 term. 
[Claim 21] Said microwave antenna is plasma treatment equipment given [ among claims 1-20 
characterized by consisting of a radial line slot antenna ] in any 1 term. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Generally especially this invention relates to microwave plasma treatment 
equipment with respect to plasma treatment equipment. 

[0002] A plasma treatment process and plasma treatment equipment are close to 0.1 
micrometers called the so-called deep submicron component in recent years or a deep 
subquarter micron component, or are the overly indispensable technique for manufacture of a 
detailed-ized semiconductor device, and manufacture of the high resolution flat-surface display 
containing a liquid crystal display of having the gate length not more than it. 
[0003] Although the excitation method of more various plasma than before is used as plasma 
treatment equipment used for manufacture of a semiconductor device or a liquid crystal display, 
parallel monotonous mold high-frequency excitation plasma treatment equipment or inductive- 
coupling mold plasma treatment equipment is especially common. However, the plasma formation 
of plasma treatment equipment of these former is uneven, and since the field where electron 
density is high is limited, performing a uniform process over the whole processed substrate 
surface, big processing speed, i.e., throughput, has the difficult trouble. Especially this problem 
becomes serious when processing the substrate of a major diameter. And with the plasma 
treatment equipment of these former, since electron temperature is high, a damage arises in the 
semiconductor device formed on a processed substrate, and that the metal contamination by 
sputtering of a processing interior wall is large etc. has some essential problems. For this reason, 
it is becoming difficult to fill the severe demand to the further detailed-izing of a semiconductor 
device or a liquid crystal display and improvement in the further productivity with conventional 
plasma treatment equipment. 

[0004] The microwave plasma treatment equipment using the high density plasma excited by 
microwave electric field on the other hand, without using a direct-current magnetic field 
conventionally is proposed. For example, microwave is emitted in a processing container from the 
plane antenna (radial line slot antenna) which has the slot of a large number arranged so that 
uniform microwave might be generated, and the plasma treatment equipment of a configuration 
of ionizing the gas in a vacuum housing by this microwave electric field, and exciting the plasma 
is proposed. For example, refer to the JP,9-63793,A official report. It is possible to be able to 
realize a high plasma consistency over the large field directly under an antenna with the 
microwave plasma excited by such technique, and to perform uniform plasma treatment for a 
short time. And with the microwave plasma formed by this technique, in order to excite the 
plasma by microwave, electron temperature is low, and damage metallurgy group contamination 
of a processed substrate can be avoided. Since the still more uniform plasma also on a large 
area substrate can be excited easily, it can respond also to the production process of a 
semiconductor device and the manufacture of a large-sized liquid crystal display using the 
diameter semi-conductor substrate of macrostomia easily. 
[0005] 

[Description of the Prior Art] Drawing 1 (A) and (B) show the configuration of the conventional 
microwave plasma treatment equipment 100 using this radial line slot antenna. However, it is 
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drawing in which drawing 1 (A) shows the sectional view of microwave plasma treatment 
equipment 1 00, and drawing 1 (B) shows the configuration of a radial line slot antenna. 
[0006] With reference to drawing 1 (A), microwave plasma treatment equipment 100 has the 
processing room 101 exhausted from two or more exhaust air ports 1 16, and the maintenance 
base 1 15 holding the processed substrate 1 14 is formed all over said processing room 101. Since 
uniform exhaust air of said processing room 101 is realized, space 101 A is formed in the 
perimeter of said maintenance base 1 15 in the shape of a ring, it is regular intervals like, namely, 
said processing room 101 can be exhausted to homogeneity through said space 101 A and the 
exhaust air port 1 16 by [ which open said two or more exhaust air ports 1 16 for free passage to 
said space 101 A ] forming in axial symmetry to a processed substrate. 

[0007] On said processing room 101, the tabular shower plate 103 which it became [ plate ] a 
location corresponding to the processed substrate 1 14 on said maintenance base 115 from the 
low loss dielectric, and had much openings 107 formed in it as some outer walls of said 
processing room 101 is formed through the seal ring 109, and the cover plate 102 which consists 
of a low loss dielectric still as well as the outside of said shower plate 103 is formed through 
another seal ring 108. 

[0008] The path 104 of plasma gas is formed in the top face at said shower plate 103, and each 
of two or more of said openings 107 is formed so that it may be open for free passage to said 
plasma gas path 104. furthermore, inside said shower plate 103 The supply path 108 of the 
plasma gas which is open for free passage to the plasma gas supply port 105 established in the 
outer wall of said processing container 101 is formed. The plasma gas supplied to said plasma 
gas supply port 105, such as Ar and Kr Said opening 107 is supplied through said path 104 from 
said supply path 108, and it is substantially emitted to space 101B of said shower plate 103 
directly under of said processing container 101 interior by uniform concentration from said 
opening 107. 

[0009] On said processing container 101, further, it estranges 4-5mm from said cover plate 102, 
and the radial line slot antenna 110 which has the radial plane shown in drawing 1 (B) is formed 
in the outside of said cover plate 102. It connects with the external source of microwave (not 
shown) through coaxial waveguide 1 10A, and said radial line slot antenna 1 10 excites the plasma 
gas emitted to said space 101B by the microwave from said source of microwave. Atmospheric 
air is filled up with the clearance between said cover plate 102 and the radial plane of the radial 
line slot antenna 1 10. 

[0010] Said radial line slot antenna 110 Flat disk-like body of antenna 1 10B connected to the 
outside waveguide of said coaxial waveguide 1 10A, It consists of radiation plate 1 10C which had 
slot 1 10b of a large number which intersect perpendicularly with much slot 1 10a and this which 
were formed in opening of said body of antenna 1 10B, and which show drawing 1 (B) formed. 
Between said body of antenna 11 0B, and said radiation plate 110C, late phase plate 110D which 
thickness becomes from a fixed dielectric plate is inserted. 

[0011] In the radial line slot antenna 110 of this configuration, although the microwave to which 
electric power was supplied from said coaxial waveguide 110 advances between body of antenna 
1 10B of the shape of said disk, and radiation plate 1 10C with breadth to radial, wavelength is 
compressed by operation of said late phase plate 1 1 0D in that case, then, the wavelength of the 
microwave which does in this way and advances to radial — corresponding — said slots 1 10a 
and 110b — concentric circular — and the plane wave which has a circularly-polarized wave can 
be substantially emitted in the perpendicular direction by forming so that it may intersect 
perpendicularly mutually at said radiation plate 110C. 

[0012] The uniform high density plasma is formed in space 101B of said shower plate 103 
directly under by using this radial line slot antenna 110. Thus, the metal contamination which 
electron temperature is low, therefore a damage does not arise in the processed substrate 114, 
and originates in sputtering of the container wall of the processing container 101 does not 
produce the formed high density plasma. 

[0013] With the plasma treatment equipment 100 of drawing 1 , further between said shower 
plates 103 and processed substrates 114 among said processing container 101 The structure 
1 1 1 is formed, the conductor which had the nozzle 1 13 of a large number which supply raw gas 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2006/08/07 



JP,2002-299240,A [DETAILED DESCRIPTION] 



3/11 ^— v 



through the raw gas path 112 formed into said processing container 101 from the external 
source of raw gas (not shown) formed — the raw gas with which each of said nozzle 113 was 
supplied — said conductor — it emits to space 101C between the structure 111 and the 
processed substrate 114. said conductor — opening of magnitude which passes efficiently the 
plasma formed in said space 101B among said adjoining nozzles 113 and 113 by diffusion from 
said space 101B to said space 101C is formed in the structure 111. 

[0014] then — such — said conductor — when raw gas is emitted to said space 101C through 
said nozzle 1 13 from the structure 111, the emitted raw gas is excited by the high density 
plasma formed in said space 101B, and it is performed, without [ without uniform plasma 
treatment moreover makes efficient and a high speed damage the component structure on a 
substrate and a substrate on said processed substrate 1 14, and ] polluting a substrate, the 
microwave emitted from said radial line slot antenna 1 10 on the other hand — this conductor — 
it is prevented with the structure 1 1 1 and the processed substrate 1 14 is not damaged 
[0015] 

[Problem(s) to be Solved by the Invention] by the way, with the conventional plasma treatment 
equipment 100 of drawing 1 (A) and (B) Since spacing between said shower plates 103 and 
processed substrates 114 is narrow, Although very uniform plasma treatment becomes possible 
even if the continuous and stable plasma style to the direction of a path of the shower plate 103 
is formed in said space 101B and 101C and said processed substrate 114 is a diameter substrate 
of macrostomia On the other hand, when the pressure in said processing container 101 declines, 
the problem to which a plasma consistency tends to fall especially in the periphery of the shower 
plate 103 arises. For example, when the pressure in the processing container 101 falls to 300 or 
less mTorrs in Ar ambient atmosphere, in the periphery of the shower plate 103, a plasma 
consistency falls greatly. Diffusion of the dissociated electron is promoted and this is considered 
to originate in disappearing by the internal surface of the processing container 101, when the 
pressure in the processing container 101 declines. When it falls below to the cut-off consistency 
which requires a plasma consistency, it becomes impossible to maintain the plasma, since the 
cut-off consistency of the plasma is 7.5x1 01 Ocm-3. Microwave will be directly impressed to the 
processed substrate 114, and the fall of the plasma consistency in this shower plate 103 
periphery not only causes the fall of processing speed, but produces the problem which carries 
out induction of the damage. 

[0016] Then, this invention makes it a general technical problem to offer the new and useful 

plasma treatment equipment which solved the conventional technical problem. 

[0017] The more concrete technical problem of this invention is to offer the plasma treatment 

equipment in which uniform processing is possible over the whole processed substrate front face 

also in low processing pressure. 

[0018] 

[Means for Solving the Problem] The processing container equipped with the maintenance base 
which this invention is formed with an outer wall as the above-mentioned technical problem was 
indicated to claim 1 , and holds a processed substrate, So that the processed substrate on said 
maintenance base may be met on said processing container with the exhaust air system 
combined with said processing container The microwave transparency aperture prepared as said 
some of outer walls, and the plasma gas feed zone which supplies plasma gas into said 
processing container, It consists of a microwave antenna formed on said processing container 
corresponding to said microwave. Said microwave transparency aperture With the plasma 
treatment equipment with which the inside of the side which meets said processed substrate is 
characterized by having the concave surface configuration in which spacing between the flat 
surfaces which are in agreement with said processed substrate front face decreases toward the 
direction outside of a path of said microwave transparency aperture As indicated to claim 2, or 
said spacing As indicated to the plasma treatment equipment according to claim 1 characterized 
by decreasing continuously toward the direction outside of a path of said microwave 
transparency aperture, or claim 3, said spacing As indicated to the plasma treatment equipment 
according to claim 2 characterized by decreasing smoothly toward the direction outside of a path 
of said microwave transparency aperture, or claim 4, said spacing As indicated to the plasma 
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treatment equipment according to claim 2 or 3 characterized by decreasing linearly toward the 
direction outside of a path of said microwave transparency aperture, or claim 5, said spacing 
With the plasma treatment equipment according to claim 2 or 3 characterized by decreasing in 
nonlinear toward the direction outside of a path of said microwave transparency aperture As 
indicated to claim 6, or said spacing As indicated to the plasma treatment equipment according 
to claim 1 characterized by decreasing stair-like toward the direction outside of a path of said 
microwave transparency aperture, or claim 7, said spacing With the plasma treatment equipment 
according to claim 1 characterized by decreasing toward the direction outside of a path of said 
microwave transparency aperture only in the periphery of said microwave transparency aperture 
As indicated to claim 8, or said microwave transparency aperture With plasma treatment 
equipment given in any 1 term among claims 1-7 characterized by the external surface which 
counters said inside consisting of a flat side As indicated to claim 9, or said microwave 
transparency aperture With plasma treatment equipment given in any 1 term among claims 1-8 
characterized by constituting said plasma gas feed zone which has a plasma gas path inside and 
emits plasma gas into said processing container As indicated to claim 10, or said microwave 
transparency aperture As indicated to the plasma treatment equipment according to claim 9 
characterized by having two or more openings which are open for free passage to said plasma 
gas path, or claim 1 1, a microwave transparency aperture It is close to the cover plate which 
constitutes some outer walls of said processing container, and said cover plate, and is prepared. 
With the plasma treatment equipment according to claim 9 characterized by consisting of a 
shower plate which has two or more openings which are open for free passage to said plasma 
gas path and this As indicated to claim 1 2, with or the plasma treatment equipment according to 
claim 8 or 1 1 characterized by said microwave transparency aperture consisting of a precise 
ceramic As indicated to claim 13, or said microwave transparency aperture As indicated to the 
plasma treatment equipment according to claim 9 characterized by consisting of porous media, 
or claim 14, said microwave transparency aperture With the plasma treatment equipment 
according to claim 9 characterized by consisting of a cover plate which constitutes said some of 
processing containers, and a shower plate which consists of porous media formed by being close 
to said cover plate As indicated to claim 15, or said porous media As indicated to the plasma 
treatment equipment according to claim 1 3 or 1 4 characterized by consisting of a sintering 
ceramic, or claim 1 6, said plasma gas feed zone With plasma treatment equipment given in any 1 
term among claims 1-8 characterized by consisting of tubing connectable with the source of 
plasma gas formed in said processing container outer wall As indicated to claim 1 7, or said 
microwave transparency aperture With the plasma treatment equipment according to claim 16 
characterized by consisting of a precise ceramic As indicated to claim 18, further or between 
said processed substrates and said sources of plasma gas As indicated to plasma treatment 
equipment given in any 1 term, or claim 19 among claims 1-17 characterized by preparing a raw 
gas feed zone, said raw gas feed zone With the plasma treatment equipment according to claim 
18 characterized by having the plasma path which passes the plasma, a raw gas path 
connectable with the source of raw gas, and nozzle opening of a large number which were open 
for free passage to said raw gas path With or plasma treatment equipment given in any 1 term 
among claims 1-19 characterized by including the RF generator further connected to said 
maintenance base as indicated to claim 20 Or as indicated to claim 21, said microwave antenna 
is solved with plasma treatment equipment given in any 1 term among claims 1-20 characterized 
by consisting of a radial line slot antenna. 

According to [operation] this invention, by forming a concave surface in the side which meets 
the processed substrate of said shower plate, spacing between the shower plate inferior 
surfaces of tongue and processed substrate front faces in which the high density plasma is 
formed in a processed substrate periphery decreases, and the fall of the plasma consistency in a 
shower plate periphery is compensated. Consequently, also when low-pressure plasma 
treatment, such as etching, is performed, the stable and uniform plasma is maintained [ near the 
processed substrate front face ]. Moreover, ignition of the plasma is also promoted by this 
configuration. Stabilization of the plasma by this concave surface formation is applicable also to 
the configuration which omitted not only a configuration but the raw gas feed zone which 
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prepared the raw gas feed zone between a processed substrate and a plasma gas feed zone. 
[0019] Although it is possible to use the precise ceramic member which had opening of a large 
number which were open for free passage to a plasma gas path and this formed as a shower 
plate which has this concave surface, it is also possible to use a porosity ceramic member 
instead of said precise ceramic member. Although these shower plates are close to the precise 
cover plate which constitutes a nothing plasma transparency aperture and some processing 
container outer walls are established, it is also possible to form said crevice in the microwave 
transparency aperture itself further in this invention, and to introduce plasma gas all over said 
processing room with tubing etc. separately, without using a shower plate. 

[0020] Since cooling of the shower plate which adhesion with a microwave antenna could secure 
easily that the external surface which counters the inside which makes said concave surface by 
the shower plate or microwave transparency aperture by this invention was a flat side, and 
minded the antenna is attained, it is advantageous. 
[0021] 

[Embodiment of the Invention] [1 st example] drawing 2 (A) and (B) show the configuration of the 
microwave plasma treatment equipment 10 by the 1st example of this invention. 
[0022] With reference to drawing 2 (A), said microwave plasma treatment equipment 10 The 
processing container 11, It is prepared in said processing container 11, and the maintenance 
base 13 which consists of AIN or aluminum 203 which holds the processed substrate 12 by the 
electrostatic chuck, and which was preferably formed of the isotropic pressure inflatable flexible 
bag technique (HIP) between heat is included. In said processing container 11, at least two 
exhaust air port 1 1a is preferably formed by **** symmetric relation at three or more places at 
space 11A surrounding said maintenance base 13 to the processed substrate 12 on regular 
intervals 13, i.e., said maintenance base. Said processing container 1 1 minds this exhaust air port 
11 a, and is exhausted and decompressed by an irregular-pitch inequality inclination screw pump 
etc. 

[0023] Said processing container 1 1 consists of an austenitic stainless steel which contains 
aluminum preferably, and the protective coat which consists of an aluminum oxide by oxidation 
treatment is formed in the internal surface. Moreover, the shower plate 1 4 of the shape of a disk 
which it consisted [ shape ] of precise aluminum 203 formed by the HIP method, and had much 
nozzle opening 14A formed is formed in the part corresponding to said processed substrate 12 
as said some of outer walls among the outer walls of said processing container 1 1. 14 is formed 
using the aluminum203 shower plateY203 formed by this HIP method as sintering acid, and has 
the very big thermal conductivity as a ceramic to which porosity reaches 30 W/m-K excluding 
pore or a pinhole substantially at 0.03% or less. 

[0024] It is equipped with said shower plate 14 through seal ring 11s on said processing 
container 11, and the cover plate 15 which consists of precise aluminum 203 further formed of 
the same HIP processing on said shower plate 14 is formed through seal ring 1 1t. Crevice 14B 
which is open for free passage at each of said nozzle opening 14A to the side which touches 
said cover plate 15 of said shower plate 14, and becomes plasma gas passage is formed, and said 
crevice 14B is open for free passage to another plasma gas passage 14C which is open for free 
passage to plasma gas inlet-port 1 1p which was formed in the interior of said shower plate 14, 
and was formed in the outer wall of said processing container 11. 

[0025] In order that said shower plate 1 4 may control abnormality discharge into the part which 
was formed in the wall of said processing container 1 1 and which ******s, is held by section 1 1b 
and holds said shower plate 14 among said overhang section 11b, the radius of circle is formed. 
[0026] Then, after the plasma gas supplied to said plasma gas inlet-port 1 1p, such as Ar and Kr, 
carries out sequential passage of the passage 14C and 14B of said shower plate 14 interior, it is 
uniformly supplied into space 1 1B of said shower plate 14 directly under through said opening 
14 A. 

[0027] The slot plate 16 of the shape of a disk which had many slots 16a and 16b which are 
close to said cover plate 1 5, and are shown in drawing 3 (B) formed on said cover plate 1 5, The 
body 17 of an antenna of the shape of a disk holding said slot plate 16, The radial line slot 
antenna 20 constituted with the late phase plate 1 8 which consists of low loss dielectric 
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materials of aluminum [ which was pinched between said slot plates 16 and said bodies 17 of an 
antenna ] 203, Si3N4 f SiON. or Si02 grade is formed. It is equipped with said radial slot line 
antenna 20 through seal ring 1 1u on said processing container 11, and the microwave whose 
frequency is 2.45GHz or 8.3GHz is supplied to said radial line slot antenna 20 from the external 
source of microwave (not shown) through the coaxial waveguide 21 which has a rectangle or a 
circular cross section. The supplied microwave is emitted into said processing container 1 1 
through said cover plate 15 and the shower plate 14 from the slots 16a and 16b on said slot 
plate 16, and excites the plasma in space 11B of said shower plate 14 directly under in the 
plasma gas supplied from said opening 14A from it. In that case, said cover plate 15 and the 
shower plate 1 4 are formed of aluminum 203, and act as an efficient microwave transparency 
aperture. In order to avoid that the plasma is excited in said plasma gas passage 14A-14C in 
that case, said plasma gas is held in said passage 14A-14C at the pressure of about 6666Pa - 
13332Pa (about 50 to 100 Torr). 

[0028] In order to raise the adhesion of said radial line slot antenna 20 and said cover plate 1 5, 
1 1g of ring-like slots is formed in a part of top face of said processing container 1 1 which 
engages with said slot plate 1 6 with the microwave plasma treatment equipment 1 0 of this 
example. By exhausting 11g of these slots through exhaust air port 11G which were open for 
free passage to this The clearance formed between said slot plates 1 6 and cover plates 1 5 is 
decompressed, and an atmospheric pressure enables it to push said radial line slot antenna 20 
against said cover plate 15 firmly. Although the slots 16a and 16b formed in said slot plate 16 are 
included, a clearance may be formed in this clearance of various reasons of irregularity with 
cover-plate 15 detailed front face etc. besides it. The closure of this clearance is carried out by 
seal ring 11u between said radial line slot antennas 20 and processing containers 11. 
[0029] By furthermore filling up the clearance between said slot plates 16 and said cover plates 
15 with inert gas with small molecular weight through said exhaust air port 1 1G and 15g of slots, 
transportation of the heat from said cover plate 15 to said slot plate 16 can be promoted. As 
this inert gas, it is desirable that thermal conductivity, large moreover, uses high helium of 
ionization energy. When filling up said clearance with helium, it is desirable to set it as the 
pressure of 0.8 atmospheric-pressure extent. With the configuration of drawing 3 , bulb 1 1 V are 
connected to said exhaust air port 1 1G for exhaust air of 15g of said slots, and restoration of 
1 5g [ of slots ] inert gas. 

[0030] Outside waveguide 21 A is connected to the body 17 of an antenna of the shape of said 
disk among said coaxial waveguide 21 A, and central conductor 21 B is connected to said slot 
plate 16 through opening formed in said slow wave plate 18. Then, the microwave supplied to 
said coaxial waveguide 21 A is emitted from said slots 16a and 16b, going on between said bodies 
17 of an antenna and slot plates 16 in the direction of a path. 
[0031] Drawing 2 (B) shows the slots 16a and 16b formed on said slot plate 16. 
[0032] With reference to drawing 2 (B), said slot 1 6a is arranged by concentric circular, and, 
similarly slot 1 6b which goes to this direct is formed in concentric circular corresponding to each 
slot 16a. Said slots 16a and 16b are formed at spacing corresponding to the wavelength of the 
microwave compressed into radial [ of said slot plate 16] with said late phase plate 1 8, and as a 
result, microwave turns into an approximate plane wave from said slot plate 16, and is emitted. 
Since said slots 16a and 16b are formed by the relation relation and mutual cross at right angles 
in that case, the microwave emitted by doing in this way forms the circularly-polarized wave 
containing two polarization components which intersect perpendicularly. 

[0033] With the plasma treatment equipment 10 of this example, the front face of the side which 
meets said processed substrate 12 of said shower plate 14 forms the curve side of a concave 
surface configuration, and the spacing D between the flat surfaces which are in agreement with 
the front face of said shower plate 14 and processed substrate 12 as a result decreases 
smoothly toward the method of the outside of the improvement in the method of a radius of said 
shower plate 14. That is, said concave surface configuration is formed by the curved surface 
symmetrical with a shaft, and in order that said spacing D may decrease in the periphery of said 
processed substrate 12, the problem of a fall of the plasma consistency in this processed 
substrate periphery is solved. 
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[0034] Thereby, with said plasma treatment equipment 10, even if it performs plasma treatment 
with the need of carrying out by hypobaric environment-ization, such as dry etching, a plasma 
consistency does not fall below to a cut-off consistency, and the plasma is maintained by 
stability and can avoid problems, such as disappearance of the plasma in processed substrate 1 2 
periphery, damage on the substrate by microwave, or a fall of processing speed. 
[0035] Furthermore with the plasma treatment equipment 10 of drawing 2 (A), the cooling block 
19 which had cooling water path 19A formed is formed on said body 17 of an antenna, and the 
heat accumulated in said shower plate 14 is absorbed through said radial line slot antenna 20 by 
cooling said cooling block 19 with the cooling water in said cooling water path 19A. It lets the 
cooling water which said cooling water path 19A is formed in the shape of a spiral on said cooling 
block 19, and eliminated dissolved oxygen by carrying out bubbling of the H2 gas preferably, and 
controlled the oxidation reduction potential pass. 

[0036] moreover, with the microwave plasma treatment equipment 10 of drawing 2 (A) Among 
said processing container 1 1 between said shower plates 14 and processed substrates 12 on 
said maintenance base 13 The raw gas supply structure 31 of having raw gas path 31 A of the 
shape of a grid which raw gas is supplied from raw gas inlet 1 1r prepared in the outer wall of said 
processing container 11, and emits this from much raw gas nozzle orifice section 31 B (refer to 
drawing 3 ) is established. Desired uniform substrate processing is made in space 11C between 
said raw gas supply structures 31 and said processed substrates 12. Plasma oxidation 
processing, plasma nitriding treatment, plasma acid nitriding treatment, plasma-CVD processing, 
etc. are included in this substrate processing. Moreover, it is possible to perform reactive ion 
etching to said processed substrate 12 by supplying etching gas, such as fluorocarbon gas which 
is [6 / C4F8, C5F8, / C4F] easy to dissociate, and F system or CI system, from said raw gas 
supply structure 31 to said space 1 1C, and impressing high-frequency voltage to said 
maintenance base 1 3 from RF generator 1 3A. 

[0037] with the microwave plasma treatment equipment 10 by this example, adhesion of a 
reaction by-product etc. in a processing container wall avoids the outer wall of said processing 
container 1 1 by heating to 1 50-degree about C temperature — having — a day — about 1 time 
of dry-cleaning **** — it is things and stabilizing and operating is possible regularly. 
[0038] Drawing 4 is the bottom view showing the configuration of the raw gas supply structure 
31 in the configuration of drawing 2 (A). 

[0039] With reference to drawing 4 , it consists of conductors containing Mg, such as aluminum 
alloy and aluminum addition stainless steel, and said grid-like raw gas path 31 A is connected to 
said raw gas inlet 1 1 r in raw gas supply-port 31 R, and said raw gas supply structure 31 emits 
raw gas to homogeneity at said space 1 1 C from raw gas nozzle orifice section 31 B of a large 
number by which inferior-surface-of-tongue formation was carried out. Moreover, opening 31 C 
which passes the raw gas contained in the plasma or the plasma is formed between raw gas path 
31 A which adjoins said raw gas supply structure 31. When forming said raw gas supply structure 
31 with a Mg content aluminum alloy, it is desirable to form the fluoride film in a front face. 
Moreover, when forming said raw gas supply structure 31 by aluminum addition stainless steel, it 
is desirable to form the passive state film of an aluminum oxide in a front face. With the plasma 
treatment equipment 10 by this invention, since the electron temperature in the plasma which is 
excited and which is excited is low, the incidence energy of the plasma is small, and the problem 
which sputtering of this raw gas supply structure 31 is carried out, and metal contamination 
produces in the processed substrate 12 is avoided. Said raw gas supply structure 31 can also be 
formed with ceramics, such as an alumina. 

[0040] Said grid-like raw gas path 31 A and raw gas nozzle orifice section 31 B are prepared so 
that a little larger field than the processed substrate 12 shown in drawing 4 with the broken line 
may be covered. By establishing this raw gas supply structure 31 between said shower plates 14 
and processed substrates 12, plasma excitation of the raw gas, such as material gas and etching 
gas, is carried out and this raw gas by which plasma excitation was carried out enables it to 
process to homogeneity. 

[0041] In forming said raw gas supply structure 31 with conductors, such as a metal, said raw 
gas supply structure 31 forms the short circuit side of microwave by setting up shorter than the 
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wavelength of said microwave said spacing between grid-like raw gas path 31 A. In this case, the 
microwave excitation of the plasma is produced in said space 1 1 B, and raw gas is activated by 
the plasma diffused from said excitation space 1 1B in space 1 1C including the front face of said 
processed substrate 12. 

[0042] Since supply of raw gas is uniformly controlled by the microwave plasma treatment 
equipment 10 by this example by using the raw gas supply structure 31, even when the problem 
of superfluous dissociation in processed substrate 12 front face of raw gas can be solved and 
the large structure of an aspect ratio is formed in the front face of the processed substrate 1 2, 
it is possible to carry out desired substrate processing even in the inner part of this high aspect 
structure. That is, microwave plasma treatment equipment 10 is effective in manufacture of 
many generations' semiconductor device with which the design Ruhr differs. 
[0043] In plasma treatment equipment 10B of drawing 5 , it is possible by introducing various 
oxidization gas and nitriding gas, material gas, and etching gas from said raw gas supply structure 
13 to be low temperature, to deposit various high quality film on homogeneity all over the front 
face of said processed substrate 1 2, even if said processed substrate 1 2 is a diameter substrate 
of macrostomia, or to etch said front face into homogeneity. 

[0044] Drawing 4 shows the configuration of the shower plates 141-144 by various modifications 
of said shower plate 14. 

[0045] With reference to drawing 4 , said shower plate 142 is understood that said shower plate 
141 has the concave surface of a truncated-cone configuration to having the concave surface of 
a cone configuration in the side which meets said processed substrate 12. Furthermore on said 
shower plate 143, the circular crevice forms the level difference configuration, and two or more 
level difference configuration crevices are formed on said shower plate 144. These crevices are 
formed in axial symmetry by each to the medial axis of said shower plate, and uniform processing 
is guaranteed around said medial axis. 

[2nd example] drawing 5 shows the configuration of plasma treatment equipment 10A by the 2nd 
example of this invention. However, the same reference mark is given to the part explained 
previously among drawing 5 , and explanation is omitted. 

[0046] Although plasma treatment equipment 10A has said plasma treatment equipment 10 and a 
similar configuration with reference to drawing 5 and the spacing D of said processed substrate 
12 and shower plate 14 decreases toward the method of the outside of the improvement in the 
method of a radius of said shower plate 14, in said plasma treatment equipment 10A, said raw 
gas feed zone 1 3 is removed. 

[0047] Although raw gas cannot be supplied and neither membrane formation nor etching can be 
performed apart from plasma gas in plasma treatment equipment 1 0B of this configuration since 
said lower-berth shower plate 31 is omitted, it is possible by supplying oxidation gas or nitriding 
gas with plasma gas from said shower plate 14 to form an oxide film, a nitride, or an acid nitride 
in a processed substrate front face. In plasma treatment equipment 10A of this example, it is 
possible for a configuration to be simplified and to reduce manufacture costs greatly. 
[0048] Also in this example, since said spacing D decreases in the periphery of the processed 
substrate 12, the fall of the plasma consistency in processed substrate 12 periphery is 
compensated, the plasma is maintained by stability, and problems, such as disappearance of the 
plasma in processed substrate 12 periphery, damage on the substrate by microwave, or a fall of 
processing speed, can be avoided. 

[0049] In especially plasma treatment equipment 10A of drawing 5 , it is possible to be low 
temperature and to carry out efficiently oxidation treatment and nitriding treatment of the 
processed substrate 1 2, acid nitriding treatment, etc. to homogeneity at cheap costs, even if 
said processed substrate is a diameter substrate of macrostomia. 

[0050] Also in this example, it is possible to use the shower plates 141-143 explained by drawing 
4 instead of said shower plate 14. 

[3rd example] drawing 6 shows the configuration of plasma treatment equipment 10B by the 3rd 
example of this invention. However, the same reference mark is given to the part corresponding 
to the part explained previously among drawing 6 , and explanation is omitted. 
[0051] With reference to drawing 6 , sintered alumina etc. uses shower plate 14P which consist 
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of a porosity ceramic instead of said shower plate 14 in this example. 

[0052] Although opening so that shower 14A in the shower plate 14 is not formed into said 
shower plate 14P, the plasma gas which the plasma gas supply ways 14C and 14B connected to 
plasma gas supply-port 1 1 P are formed, and was supplied passes along the pore in said porosity 
shower plate 14P from said plasma gas supply way 14B, and is uniformly emitted to said space 
11B. 

[0053] Also in this example, said inferior surface of tongue of shower plate 14P forms a concave 
surface symmetrical with a shaft, and the spacing D between said inferior surfaces of tongue and 
front faces of the processed substrate 12 decreases toward the periphery of the processed 
substrate 1 2. For this reason, in the configuration of drawing 6 , the fall of the plasma 
consistency in the periphery of said processed substrate 12 is compensated, the plasma is 
maintained by stability, and problems, such as disappearance of the plasma in processed 
substrate 12 periphery, damage on the substrate by microwave, or a fall of processing speed, can 
be avoided. 

[0054] In plasma treatment equipment 10B of drawing 6 , it is possible by introducing various 
oxidization gas and nitriding gas, material gas, and etching gas from said raw gas supply structure 
13 to be low temperature, and to deposit various high quality film on homogeneity all over the 
front face of said processed substrate 12, or to etch said front face into homogeneity. 
[0055] Also in this example, various concave surfaces shown in drawing 4 can be formed as said 
concave surface of porosity shower plate 14P. 

[4th example] drawing 7 shows the configuration of plasma treatment equipment 10C by the 4th 
example of this invention. However, the same reference mark is given to the part explained 
previously among drawing 7 , and explanation is omitted. 

[0056] Although plasma treatment equipment 10C of this example has the same configuration as 
previous plasma treatment equipment 10B with reference to drawing 7 , said lower-berth shower 
plate 31 is removed. Moreover, the radius of circle is formed all over said overhang section 11b 
holding said shower plate 14. 

[0057] Although raw gas cannot be supplied and neither membrane formation nor etching can be 
performed apart from plasma gas in plasma treatment equipment 10C of this configuration since 
said lower-berth shower plate 31 is omitted, it is possible by supplying oxidation gas or nitriding 
gas with plasma gas from said shower plate 14 to form an oxide film, a nitride, or an acid nitride 
in a processed substrate front face. 

[0058] Also in this example, said inferior surface of tongue of shower plate 14P forms a concave 
surface symmetrical with a shaft, and the spacing D between said inferior surfaces of tongue and 
front faces of the processed substrate 1 2 decreases toward the periphery of the processed 
substrate 12. For this reason, in the configuration of drawing 7 , the fall of the plasma 
consistency in the periphery of said processed substrate 12 is compensated, the plasma is 
maintained by stability, and problems, such as disappearance of the plasma in processed 
substrate 12 periphery, damage on the substrate by microwave, or a fall of processing speed, can 
be avoided. 

[0059] In especially plasma treatment equipment 10C of drawing 7 , it is possible to be low 
temperature and to carry out efficiently oxidation treatment and nitriding treatment of the 
processed substrate 12, acid nitriding treatment, etc. to homogeneity at cheap costs, even if 
said processed substrate is a diameter substrate of macrostomia. 

[0060] Also in shower plate 14P of this example, various concave surfaces shown in drawing 4 
can be used. 

[5th example] drawing 8 shows the configuration of plasma treatment equipment 10D by the 5th 
example of this invention. However, the same reference mark is given to the part explained 
previously among drawing 8 , and explanation is omitted. 

[0061] With reference to drawing 8 , in an example, porosity shower plate 14P and the cover 
plate 15 in the example of drawing 6 are removed, and microwave transparency aperture 14Q 
which becomes the side which meets said processed substrate 12 instead from the precise 
ceramic which has a concave surface is prepared. Said microwave transparency aperture 1 4 can 
be formed with an ingredient with little dielectric loss, for example, the alumina which carried out 
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HIP processing. 

[0062] With the configuration of drawing 8 , although said microwave transparency aperture 14Q 
achieves the function of said cover plate 15 f opening 14A which is open for free passage to 
plasma gas path 1 4C and this in the example of drawing 6 is not formed, but the plasma gas 
induction which becomes the outer wall of the processing container 1 1 from tubing 1 1P is 
formed independently. Moreover, on said microwave transparency aperture 14Q, it is [ the radial 
line slot antenna 20 ] close, and it is formed. As for said plasma gas installation tubing 1 1 P, it is 
desirable to be symmetrically arranged in the perimeter of said processed substrate 12. 
[0063] With this configuration, the inferior surface of tongue of said microwave transparency 
aperture 14Q forms a concave surface symmetrical with a shaft, and the spacing D between said 
inferior surfaces of tongue and front faces of the processed substrate 1 2 decreases toward the 
periphery of the processed substrate 12. For this reason, in the configuration of drawing 8 , the 
fall of the plasma consistency in the periphery of said processed substrate 1 2 is compensated, 
the plasma is maintained by stability, and problems, such as disappearance of the plasma in 
processed substrate 12 periphery, damage on the substrate by microwave, or a fall of processing 
speed, can be avoided. 

[0064] In especially plasma treatment equipment 10D of drawing 8 , it is possible to be low 
temperature and to carry out efficiently oxidation treatment and nitriding treatment of the 
processed substrate 12, acid nitriding treatment, etc. to homogeneity at cheap costs, even if 
said processed substrate is a diameter substrate of macrostomia. The configuration for 
introducing especially plasma gas is simplified, and it contributes to reduction of costs. 
[0065] Also in the plasma transparency aperture of this example, various concave surfaces 
shown in drawing 4 can be used. 

[6th example] drawing 9 shows the configuration of plasma treatment equipment 10E by the 6th 
example of this invention. However, the same reference mark is given to the part explained 
previously among drawing 9 , and explanation is omitted. 

[0066] Although plasma treatment equipment 1 0E of this example has previous plasma treatment 
equipment 10D and a similar configuration with reference to drawing 9 , said raw gas supply 
structure 31 is removed. 

[0067] According to this configuration, it becomes possible by supplying nitriding nature gas, 
such as oxidizing gases, such as inert gas, such as Kr and Ar, and 02 gas, NH3 gas, or mixed gas 
of N2 and H2, from said plasma gas installation tubing 1 1 P to form efficiently the oxide film, 
nitride, or acid nitride of high quality in the front face of said processed substrate 1 2 at low 
temperature. 

[0068] Since the spacing D between the inferior surface of tongue of said microwave 
transparency aperture 14Q and the processed substrate 12 is decreasing in the periphery of said 
processed substrate 12 by this example in that case, sufficient plasma consistency is secured in 
said processed substrate 1 2 periphery, and processing of said processed substrate 1 2 is carried 
out to homogeneity. 

[0069] Also in microwave aperture 14Q of this example, various concave surfaces shown in 
drawing 4 can be used. 

[7th example] drawing 10 shows the configuration of plasma treatment equipment 10F by the 7th 
example of this invention. However, the same reference mark is given to the part explained 
previously among drawing 10 , and explanation is omitted. 

[0070] With reference to drawing 10 , this examples are consisted of by dielectric window 14Q' 
of uniform thickness instead of said dielectric window 14Q. 

[0071] In this dielectric window 14Q', a top face forms a convex corresponding to the inferior 
surface of tongue which forms a concave surface. So, with the plasma treatment equipment 10 
of drawing 10 , radial line slot antenna 20' which has a concave surface corresponding to said 
convex is used instead of said flat radial line slot antenna 20. namely, slot plate 16' in which said 
radial line slot antenna 20' forms a concave surface — having — said slot plate 16 — it is 
equipped through 'the late phase plate 18 with which body of antenna 17' which forms a concave 
surface upwards curved in between'. 

[0072] Also in plasma treatment equipment 10F of this configuration, by being able to 
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compensate the fall of the plasma consistency in the periphery of said processed substrate 12, 
and supplying more various raw gas than said raw gas feed zone 31, it crosses all over the 
processed substrate 1 2, and it becomes possible to carry out uniformly various plasma 
treatment such as oxidization, nitriding, acid nitriding, deposition of still more various layers, and 
etching, to stability. 

[8th example] drawing 1 1 shows the configuration of plasma treatment equipment 10G by the 8th 
example of this invention. However, the same reference mark is given to the part explained 
previously among drawing 1 1 , and explanation is omitted. 

[0073] Although plasma treatment equipment 10G of this example have the same configuration 
as plasma treatment equipment 1 0F of a previous example with reference to drawing 1 1 , in this 
example, said raw gas feed zone 31 is removed. 

[0074] Also in plasma treatment equipment 10G of this configuration, the fall of the plasma 
consistency in the periphery of said processed substrate 12 can be compensated, it crosses all 
over the processed substrate 1 2, and it becomes possible to carry out uniform plasma 
treatment, such as oxidation, and nitriding, acid nitriding, to stability. 

[0075] Various deformation and modification are possible for this invention in the summary of 
this invention which it is not limited to the above-mentioned specific example, and was indicated 
to the claim. 
[0076] 

[Effect of the Invention] According to this invention, the fall of the plasma consistency in the 
periphery of a processed substrate can be compensated, the plasma is maintained also in low 
voltage processing, and stable plasma treatment becomes possible. 
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TECHNICAL FIELD 

[Field of the Invention] Generally especially this invention relates to microwave plasma treatment 
equipment with respect to plasma treatment equipment. 

[0002] A plasma treatment process and plasma treatment equipment are close to 0.1 
micrometers called the so-called deep submicron component in recent years or a deep 
subquarter micron component, or are the overly indispensable technique for manufacture of a 
detailed-ized semiconductor device, and manufacture of the high resolution flat-surface display 
containing a liquid crystal display of having the gate length not more than it. 
[0003] Although the excitation method of more various plasma than before is used as plasma 
treatment equipment used for manufacture of a semiconductor device or a liquid crystal display, 
parallel monotonous mold high-frequency excitation plasma treatment equipment or inductive- 
coupling mold plasma treatment equipment is especially common. However, the plasma formation 
of plasma treatment equipment of these former is uneven, and since the field where electron 
density is high is limited, performing a uniform process over the whole processed substrate 
surface, big processing speed, i.e., throughput, has the difficult trouble. Especially this problem 
becomes serious when processing the substrate of a major diameter. And with the plasma 
treatment equipment of these former, since electron temperature is high, a damage arises in the 
semiconductor device formed on a processed substrate, and that the metal contamination by 
sputtering of a processing interior wall is large etc. has some essential problems. For this reason, 
it is becoming difficult to fill the severe demand to the further detailed-izing of a semiconductor 
device or a liquid crystal display and improvement in the further productivity with conventional 
plasma treatment equipment. 

[0004] The microwave plasma treatment equipment using the high density plasma excited by 
microwave electric field on the other hand, without using a direct-current magnetic field 
conventionally is proposed. For example, microwave is emitted in a processing container from the 
plane antenna (radial line slot antenna) which has the slot of a large number arranged so that 
uniform microwave might be generated, and the plasma treatment equipment of a configuration 
of ionizing the gas in a vacuum housing by this microwave electric field, and exciting the plasma 
is proposed. For example, refer to the JP,9-63793,A official report. It is possible to be able to 
realize a high plasma consistency over the large field directly under an antenna with the 
microwave plasma excited by such technique, and to perform uniform plasma treatment for a 
short time. And with the microwave plasma formed by this technique, in order to excite the 
plasma by microwave, electron temperature is low, and damage metallurgy group contamination 
of a processed substrate can be avoided. Since the still more uniform plasma also on a large 
area substrate can be excited easily, it can respond also to the production process of a 
semiconductor device and the manufacture of a large-sized liquid crystal display using the 
diameter semi-conductor substrate of macrostomia easily. 
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PRIOR ART 

[Description of the Prior Art] Drawing 1 (A) and (B) show the configuration of the conventional 
microwave plasma treatment equipment 100 using this radial line slot antenna. However, it is 
drawing in which drawing 1 (A) shows the sectional view of microwave plasma treatment 
equipment 100, and drawing 1 (B) shows the configuration of a radial line slot antenna. 
[0006] With reference to drawing 1 (A), microwave plasma treatment equipment 100 has the 
processing room 101 exhausted from two or more exhaust air ports 116, and the maintenance 
base 115 holding the processed substrate 114 is formed all over said processing room 101. Since 
uniform exhaust air of said processing room 101 is realized, space 101 A is formed in the 
perimeter of said maintenance base 1 15 in the shape of a ring, it is regular intervals like, namely, 
said processing room 101 can be exhausted to homogeneity through said space 101 A and the 
exhaust air port 1 16 by [ which open said two or more exhaust air ports 1 16 for free passage to 
said space 101 A ] forming in axial symmetry to a processed substrate. 

[0007] On said processing room 101, the tabular shower plate 103 which it became [ plate ] a 
location corresponding to the processed substrate 1 14 on said maintenance base 115 from the 
low loss dielectric, and had much openings 107 formed in it as some outer walls of said 
processing room 101 is formed through the seal ring 109, and the cover plate 102 which consists 
of a low loss dielectric still as well as the outside of said shower plate 103 is formed through 
another seal ring 108. 

[0008] The path 104 of plasma gas is formed in the top face at said shower plate 103, and each 
of two or more of said openings 107 is formed so that it may be open for free passage to said 
plasma gas path 104. furthermore, inside said shower plate 103 The supply path 108 of the 
plasma gas which is open for free passage to the plasma gas supply port 105 established in the 
outer wall of said processing container 101 is formed. The plasma gas supplied to said plasma 
gas supply port 105, such as Ar and Kr Said opening 107 is supplied through said path 104 from 
said supply path 108, and it is substantially emitted to space 101B of said shower plate 103 
directly under of said processing container 101 interior by uniform concentration from said 
opening 107. 

[0009] On said processing container 101, further, it estranges 4-5mm from said cover plate 102, 
and the radial line slot antenna 110 which has the radial plane shown in drawing 1 (B) is formed 
in the outside of said cover plate 102. It connects with the external source of microwave (not 
shown) through coaxial waveguide 1 1 0A, and said radial line slot antenna 1 1 0 excites the plasma 
gas emitted to said space 101B by the microwave from said source of microwave. Atmospheric 
air is filled up with the clearance between said cover plate 102 and the radial plane of the radial 
line slot antenna 1 10. 

[0010] Said radial line slot antenna 110 Flat disk-like body of antenna 1 10B connected to the 
outside waveguide of said coaxial waveguide 1 10A, It consists of radiation plate 1 10C which had 
slot 1 10b of a large number which intersect perpendicularly with much slot 1 10a and this which 
were formed in opening of said body of antenna 1 10B, and which show drawing 1 (B) formed. 
Between said body of antenna 11 0B, and said radiation plate 110C, late phase plate 110D which 
thickness becomes from a fixed dielectric plate is inserted. 

[0011] In the radial line slot antenna 110 of this configuration, although the microwave to which 
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electric power was supplied from said coaxial waveguide 110 advances between body of antenna 
1 10B of the shape of said disk, and radiation plate 1 10C with breadth to radial, wavelength is 
compressed by operation of said late phase plate 110D in that case, then, the wavelength of the 
microwave which does in this way and advances to radial — corresponding — said slots 110a 
and 110b — concentric circular — and the plane wave which has a circularly-polarized wave can 
be substantially emitted in the perpendicular direction by forming so that it may intersect 
perpendicularly mutually at said radiation plate 110C. 

[0012] The uniform high density plasma is formed in space 101B of said shower plate 103 
directly under by using this radial line slot antenna 110. Thus, the metal contamination which 
electron temperature is low, therefore a damage does not arise in the processed substrate 1 1 4, 
and originates in sputtering of the container wall of the processing container 101 does not 
produce the formed high density plasma. 

[0013] With the plasma treatment equipment 100 of drawing 1 , further between said shower 
plates 103 and processed substrates 114 among said processing container 101 The structure 
1 1 1 is formed, the conductor which had the nozzle 1 13 of a large number which supply raw gas 
through the raw gas path 112 formed into said processing container 101 from the external 
source of raw gas (not shown) formed — the raw gas with which each of said nozzle 113 was 
supplied — said conductor — it emits to space 101C between the structure 1 1 1 and the 
processed substrate 114. said conductor — opening of magnitude which passes efficiently the 
plasma formed in said space 101B among said adjoining nozzles 1 13 and 1 13 by diffusion from 
said space 101B to said space 101C is formed in the structure 111. 

[0014] then — such — said conductor — when raw gas is emitted to said space 101C through 
said nozzle 113 from the structure 111, the emitted raw gas is excited by the high density 
plasma formed in said space 101B, and it is performed, without [ without uniform plasma 
treatment moreover makes efficient and a high speed damage the component structure on a 
substrate and a substrate on said processed substrate 1 14, and ] polluting a substrate, the 
microwave emitted from said radial line slot antenna 110 on the other hand — this conductor — 
it is prevented with the structure 1 1 1 and the processed substrate 1 1 4 is not damaged 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, the fall of the plasma consistency in the 
periphery of a processed substrate can be compensated, the plasma is maintained also in low 
voltage processing, and stable plasma treatment becomes possible. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] by the way, with the conventional plasma treatment 
equipment 100 of drawing 1 (A) and (B) Since spacing between said shower plates 103 and 
processed substrates 114 is narrow, Although very uniform plasma treatment becomes possible 
even if the continuous and stable plasma style to the direction of a path of the shower plate 103 
is formed in said space 101B and 101C and said processed substrate 1 14 is a diameter substrate 
of macrostomia On the other hand, when the pressure in said processing container 101 declines, 
the problem to which a plasma consistency tends to fall especially in the periphery of the shower 
plate 103 arises. For example, when the pressure in the processing container 101 falls to 300 or 
less mTorrs in Ar ambient atmosphere, in the periphery of the shower plate 103, a plasma 
consistency falls greatly. Diffusion of the dissociated electron is promoted and this is considered 
to originate in disappearing by the internal surface of the processing container 101, when the 
pressure in the processing container 101 declines. When it falls below to the cut-off consistency 
which requires a plasma consistency, it becomes impossible to maintain the plasma, since the 
cut-off consistency of the plasma is 7.5x1 01 Ocm-3. Microwave will be directly impressed to the 
processed substrate 114, and the fall of the plasma consistency in this shower plate 103 
periphery not only causes the fall of processing speed, but produces the problem which carries 
out induction of the damage. 

[0016] Then, this invention makes it a general technical problem to offer the new and useful 
plasma treatment equipment which solved the conventional technical problem. 
[0017] The more concrete technical problem of this invention is to offer the plasma treatment 
equipment in which uniform processing is possible over the whole processed substrate front face 
also in low processing pressure. 
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MEANS 



[Means for Solving the Problem] The processing container equipped with the maintenance base 
which this invention is formed with an outer wall as the above-mentioned technical problem was 
indicated to claim 1, and holds a processed substrate, So that the processed substrate on said 
maintenance base may be met on said processing container with the exhaust air system 
combined with said processing container The microwave transparency aperture prepared as said 
some of outer walls, and the plasma gas feed zone which supplies plasma gas into said 
processing container, It consists of a microwave antenna formed on said processing container 
corresponding to said microwave. Said microwave transparency aperture With the plasma 
treatment equipment with which the inside of the side which meets said processed substrate is 
characterized by having the concave surface configuration in which spacing between the flat 
surfaces which are in agreement with said processed substrate front face decreases toward the 
direction outside of a path of said microwave transparency aperture As indicated to claim 2, or 
said spacing As indicated to the plasma treatment equipment according to claim 1 characterized 
by decreasing continuously toward the direction outside of a path of said microwave 
transparency aperture, or claim 3, said spacing As indicated to the plasma treatment equipment 
according to claim 2 characterized by decreasing smoothly toward the direction outside of a path 
of said microwave transparency aperture, or claim 4, said spacing As indicated to the plasma 
treatment equipment according to claim 2 or 3 characterized by decreasing linearly toward the 
direction outside of a path of said microwave transparency aperture, or claim 5, said spacing 
With the plasma treatment equipment according to claim 2 or 3 characterized by decreasing in 
nonlinear toward the direction outside of a path of said microwave transparency aperture As 
indicated to claim 6, or said spacing As indicated to the plasma treatment equipment according 
to claim 1 characterized by decreasing stair-like toward the direction outside of a path of said 
microwave transparency aperture, or claim 7, said spacing With the plasma treatment equipment 
according to claim 1 characterized by decreasing toward the direction outside of a path of said 
microwave transparency aperture only in the periphery of said microwave transparency aperture 
As indicated to claim 8, or said microwave transparency aperture With plasma treatment 
equipment given in any 1 term among claims 1-7 characterized by the external surface which 
counters said inside consisting of a flat side As indicated to claim 9, or said microwave 
transparency aperture With plasma treatment equipment given in any 1 term among claims 1-8 
characterized by constituting said plasma gas feed zone which has a plasma gas path inside and 
emits plasma gas into said processing container As indicated to claim 10, or said microwave 
transparency aperture As indicated to the plasma treatment equipment according to claim 9 
characterized by having two or more openings which are open for free passage to said plasma 
gas path, or claim 1 1, a microwave transparency aperture It is close to the cover plate which 
constitutes some outer walls of said processing container, and said cover plate, and is prepared. 
With the plasma treatment equipment according to claim 9 characterized by consisting of a 
shower plate which has two or more openings which are open for free passage to said plasma 
gas path and this As indicated to claim 12, with or the plasma treatment equipment according to 
claim 8 or 1 1 characterized by said microwave transparency aperture consisting of a precise 
ceramic As indicated to claim 13, or said microwave transparency aperture As indicated to the 
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plasma treatment equipment according to claim 9 characterized by consisting of porous media, 
or claim 14, said microwave transparency aperture With the plasma treatment equipment 
according to claim 9 characterized by consisting of a cover plate which constitutes said some of 
processing containers, and a shower plate which consists of porous media formed by being close 
to said cover plate As indicated to claim 1 5, or said porous media As indicated to the plasma 
treatment equipment according to claim 13 or 14 characterized by consisting of a sintering 
ceramic, or claim 1 6, said plasma gas feed zone With plasma treatment equipment given in any 1 
term among claims 1-8 characterized by consisting of tubing connectable with the source of 
plasma gas formed in said processing container outer wall As indicated to claim 17, or said 
microwave transparency aperture With the plasma treatment equipment according to claim 1 6 
characterized by consisting of a precise ceramic As indicated to claim 18, further or between 
said processed substrates and said sources of plasma gas As indicated to plasma treatment 
equipment given in any 1 term, or claim 19 among claims 1-17 characterized by preparing a raw 
gas feed zone, said raw gas feed zone With the plasma treatment equipment according to claim 
18 characterized by having the plasma path which passes the plasma, a raw gas path 
connectable with the source of raw gas, and nozzle opening of a large number which were open 
for free passage to said raw gas path With or plasma treatment equipment given in any 1 term 
among claims 1-19 characterized by including the RF generator further connected to said 
maintenance base as indicated to claim 20 Or as indicated to claim 21, said microwave antenna 
is solved with plasma treatment equipment given in any 1 term among claims 1-20 characterized 
by consisting of a radial line slot antenna. 
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OPERATION 

According to [operation] this invention, by forming a concave surface in the side which meets 
the processed substrate of said shower plate, spacing between the shower plate inferior 
surfaces of tongue and processed substrate front faces in which the high density plasma is 
formed in a processed substrate periphery decreases, and the fall of the plasma consistency in a 
shower plate periphery is compensated. Consequently, also when low-pressure plasma 
treatment, such as etching, is performed, the stable and uniform plasma is maintained [ near the 
processed substrate front face ]. Moreover, ignition of the plasma is also promoted by this 
configuration. Stabilization of the plasma by this concave surface formation is applicable also to 
the configuration which omitted not only a configuration but the raw gas feed zone which 
prepared the raw gas feed zone between a processed substrate and a plasma gas feed zone. 
[0019] Although it is possible to use the precise ceramic member which had opening of a large 
number which were open for free passage to a plasma gas path and this formed as a shower 
plate which has this concave surface, it is also possible to use a porosity ceramic member 
instead of said precise ceramic member. Although these shower plates are close to the precise 
cover plate which constitutes a nothing plasma transparency aperture and some processing 
container outer walls are established, it is also possible to form said crevice in the microwave 
transparency aperture itself further in this invention, and to introduce plasma gas all over said 
processing room with tubing etc. separately, without using a shower plate. 

[0020] Since cooling of the shower plate which adhesion with a microwave antenna could secure 
easily that the external surface which counters the inside which makes said concave surface by 
the shower plate or microwave transparency aperture by this invention was a flat side, and 
minded the antenna is attained, it is advantageous. 
[0021] 

[Embodiment of the Invention] 
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EXAMPLE 



[1 st example] drawing 2 (A) and (B) show the configuration of the microwave plasma treatment 
equipment 10 by the 1st example of this invention. 

[0022] With reference to drawing 2 (A), said microwave plasma treatment equipment 1 0 The 
processing container 11, It is prepared in said processing container 11, and the maintenance 
base 13 which consists of AIN or aluminum 203 which holds the processed substrate 12 by the 
electrostatic chuck, and which was preferably formed of the isotropic pressure inflatable flexible 
bag technique (HIP) between heat is included. In said processing container 11, at least two 
exhaust air port 1 1a is preferably formed by **** symmetric relation at three or more places at 
space 11A surrounding said maintenance base 13 to the processed substrate 12 on regular 
intervals 13, i.e., said maintenance base. Said processing container 11 minds this exhaust air port 
11a, and is exhausted and decompressed by an irregular-pitch inequality inclination screw pump 
etc. 

[0023] Said processing container 1 1 consists of an austenitic stainless steel which contains 
aluminum preferably, and the protective coat which consists of an aluminum oxide by oxidation 
treatment is formed in the internal surface. Moreover, the shower plate 14 of the shape of a disk 
which it consisted [ shape ] of precise aluminum 203 formed by the HIP method, and had much 
nozzle opening 14A formed is formed in the part corresponding to said processed substrate 12 
as said some of outer walls among the outer walls of said processing container 1 1. 14 is formed 
using the aluminum203 shower plateY203 formed by this HIP method as sintering acid, and has 
the very big thermal conductivity as a ceramic to which porosity reaches 30 W/m-K excluding 
pore or a pinhole substantially at 0.03% or less. 

[0024] It is equipped with said shower plate 14 through seal ring 1 1s on said processing 
container 1 1 , and the cover plate 1 5 which consists of precise aluminum 203 further formed of 
the same HIP processing on said shower plate 14 is formed through seal ring 1 1t Crevice 14B 
which is open for free passage at each of said nozzle opening 14A to the side which touches 
said cover plate 15 of said shower plate 14, and becomes plasma gas passage is formed, and said 
crevice 14B is open for free passage to another plasma gas passage 14C which is open for free 
passage to plasma gas inlet-port 1 1 p which was formed in the interior of said shower plate 14, 
and was formed in the outer wall of said processing container 1 1 . 

[0025] In order that said shower plate 14 may control abnormality discharge into the part which 
was formed in the wall of said processing container 1 1 and which *a»c****s, is held by section 11b 
and holds said shower plate 14 among said overhang section 11b, the radius of circle is formed. 
[0026] Then, after the plasma gas supplied to said plasma gas inlet-port 1 1p, such as Ar and Kr, 
carries out sequential passage of the passage 14C and 14B of said shower plate 14 interior, it is 
uniformly supplied into space 1 1B of said shower plate 14 directly under through said opening 
14A 

[0027] The slot plate 16 of the shape of a disk which had many slots 16a and 16b which are 
close to said cover plate 15, and are shown in drawing 3 (B) formed on said cover plate 15, The 
body 17 of an antenna of the shape of a disk holding said slot plate 1 6, The radial line slot 
antenna 20 constituted with the late phase plate 18 which consists of low loss dielectric 
materials of aluminum [ which was pinched between said slot plates 16 and said bodies 17 of an 
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antenna ] 203, Si3N4, SiON, or Si02 grade is formed. It is equipped with said radial slot line 
antenna 20 through seal ring 1 1u on said processing container 11, and the microwave whose 
frequency is 2.45GHz or 8.3GHz is supplied to said radial line slot antenna 20 from the external 
source of microwave (not shown) through the coaxial waveguide 21 which has a rectangle or a 
circular cross section. The supplied microwave is emitted into said processing container 1 1 
through said cover plate 15 and the shower plate 14 from the slots 16a and 16b on said slot 
plate 16, and excites the plasma in space 1 1B of said shower plate 14 directly under in the 
plasma gas supplied from said opening 14A from it. In that case, said cover plate 15 and the 
shower plate 14 are formed of aluminum 203, and act as an efficient microwave transparency 
aperture. In order to avoid that the plasma is excited in said plasma gas passage 14A-14C in 
that case, said plasma gas is held in said passage 14A-14C at the pressure of about 6666Pa - 
13332Pa (about 50 to 100 Torr). 

[0028] In order to raise the adhesion of said radial line slot antenna 20 and said cover plate 1 5, 
1 1g of ring-like slots is formed in a part of top face of said processing container 1 1 which 
engages with said slot plate 16 with the microwave plasma treatment equipment 10 of this 
example. By exhausting 1 1g of these slots through exhaust air port 1 1 G which were open for 
free passage to this The clearance formed between said slot plates 1 6 and cover plates 1 5 is 
decompressed, and an atmospheric pressure enables it to push said radial line slot antenna 20 
against said cover plate 15 firmly. Although the slots 16a and 16b formed in said slot plate 16 are 
included, a clearance may be formed in this clearance of various reasons of irregularity with 
cover-plate 1 5 detailed front face etc. besides it. The closure of this clearance is carried out by 
seal ring 1 1 u between said radial line slot antennas 20 and processing containers 1 1 . 
[0029] By furthermore filling up the clearance between said slot plates 1 6 and said cover plates 
15 with inert gas with small molecular weight through said exhaust air port 11G and 15g of slots, 
transportation of the heat from said cover plate 15 to said slot plate 16 can be promoted. As 
this inert gas, it is desirable that thermal conductivity, large moreover, uses high helium of 
ionization energy. When filling up said clearance with helium, it is desirable to set it as the 
pressure of 0.8 atmospheric-pressure extent. With the configuration of drawing 3 , bulb 1 1 V are 
connected to said exhaust air port 1 1G for exhaust air of 15g of said slots, and restoration of 
1 5g [ of slots ] inert gas. 

[0030] Outside waveguide 21 A is connected to the body 17 of an antenna of the shape of said 
disk among said coaxial waveguide 21 A, and central conductor 21 B is connected to said slot 
plate 16 through opening formed in said slow wave plate 18. Then, the microwave supplied to 
said coaxial waveguide 21A is emitted from said slots 16a and 16b, going on between said bodies 
17 of an antenna and slot plates 16 in the direction of a path. 
[0031] Drawing 2 (B) shows the slots 16a and 16b formed on said slot plate 16. 
[0032] With reference to drawing 2 (B), said slot 16a is arranged by concentric circular, and, 
similarly slot 16b which goes to this direct is formed in concentric circular corresponding to each 
slot 16a. Said slots 16a and 16b are formed at spacing corresponding to the wavelength of the 
microwave compressed into radial [ of said slot plate 16 ] with said late phase plate 18, and as a 
result, microwave turns into an approximate plane wave from said slot plate 16, and is emitted. 
Since said slots 16a and 16b are formed by the relation relation and mutual cross at right angles 
in that case, the microwave emitted by doing in this way forms the circularly-polarized wave 
containing two polarization components which intersect perpendicularly. 

[0033] With the plasma treatment equipment 10 of this example, the front face of the side which 
meets said processed substrate 1 2 of said shower plate 1 4 forms the curve side of a concave 
surface configuration, and the spacing D between the flat surfaces which are in agreement with 
the front face of said shower plate 14 and processed substrate 12 as a result decreases 
smoothly toward the method of the outside of the improvement in the method of a radius of said 
shower plate 14. That is, said concave surface configuration is formed by the curved surface 
symmetrical with a shaft, and in order that said spacing D may decrease in the periphery of said 
processed substrate 12, the problem of a fall of the plasma consistency in this processed 
substrate periphery is solved. 

[0034] Thereby, with said plasma treatment equipment 10, even if it performs plasma treatment 
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with the need of carrying out by hypobaric environment-ization, such as dry etching, a plasma 
consistency does not fall below to a cut-off consistency, and the plasma is maintained by 
stability and can avoid problems, such as disappearance of the plasma in processed substrate 12 
periphery, damage on the substrate by microwave, or a fall of processing speed. 
[0035] Furthermore with the plasma treatment equipment 10 of drawing 2 (A), the cooling block 
1 9 which had cooling water path 1 9A formed is formed on said body 17 of an antenna, and the 
heat accumulated in said shower plate 14 is absorbed through said radial line slot antenna 20 by 
cooling said cooling block 19 with the cooling water in said cooling water path 19A. It lets the 
cooling water which said cooling water path 1 9A is formed in the shape of a spiral on said cooling 
block 19, and eliminated dissolved oxygen by carrying out bubbling of the H2 gas preferably, and 
controlled the oxidation reduction potential pass. 

[0036] moreover, with the microwave plasma treatment equipment 10 of drawing 2 (A) Among 
said processing container 11 between said shower plates 14 and processed substrates 12 on 
said maintenance base 13 The raw gas supply structure 31 of having raw gas path 31 A of the 
shape of a grid which raw gas is supplied from raw gas inlet 1 1r prepared in the outer wall of said 
processing container 11, and emits this from much raw gas nozzle orifice section 31 B (refer to 
drawing 3 ) is established. Desired uniform substrate processing is made in space 1 1 C between 
said raw gas supply structures 31 and said processed substrates 12. Plasma oxidation 
processing, plasma nitriding treatment, plasma acid nitriding treatment, plasma-CVD processing, 
etc. are included in this substrate processing. Moreover, it is possible to perform reactive ion 
etching to said processed substrate 12 by supplying etching gas, such as fluorocarbon gas which 
is [6 / C4F8, C5F8, / C4F] easy to dissociate, and F system or CI system, from said raw gas 
supply structure 31 to said space 11C, and impressing high-frequency voltage to said 
maintenance base 1 3 from RF generator 1 3A. 

[0037] with the microwave plasma treatment equipment 10 by this example, adhesion of a 
reaction by-product etc. in a processing container wall avoids the outer wall of said processing 
container 1 1 by heating to 150-degree about C temperature — having — a day — about 1 time 
of dry-cleaning **** — it is things and stabilizing and operating is possible regularly. 
[0038] Drawing 4 is the bottom view showing the configuration of the raw gas supply structure 
31 in the configuration of drawing 2 (A). 

[0039] With reference to drawing 4 , it consists of conductors containing Mg, such as aluminum 
alloy and aluminum addition stainless steel, and said grid-like raw gas path 31 A is connected to 
said raw gas inlet 11r in raw gas supply-port 31 R, and said raw gas supply structure 31 emits 
raw gas to homogeneity at said space 1 1C from raw gas nozzle orifice section 31 B of a large 
number by which inferior— surface-of-tongue formation was carried out. Moreover, opening 31 C 
which passes the raw gas contained in the plasma or the plasma is formed between raw gas path 
31 A which adjoins said raw gas supply structure 31. When forming said raw gas supply structure 
31 with a Mg content aluminum alloy, it is desirable to form the fluoride film in a front face. 
Moreover, when forming said raw gas supply structure 31 by aluminum addition stainless steel, it 
is desirable to form the passive state film of an aluminum oxide in a front face. With the plasma 
treatment equipment 10 by this invention, since the electron temperature in the plasma which is 
excited and which is excited is low, the incidence energy of the plasma is small, and the problem 
which sputtering of this raw gas supply structure 31 is carried out, and metal contamination 
produces in the processed substrate 12 is avoided. Said raw gas supply structure 31 can also be 
formed with ceramics, such as an alumina. 

[0040] Said grid-like raw gas path 31 A and raw gas nozzle orifice section 31 B are prepared so 
that a little larger field than the processed substrate 1 2 shown in drawing 4 with the broken line 
may be covered. By establishing this raw gas supply structure 31 between said shower plates 14 
and processed substrates 1 2, plasma excitation of the raw gas, such as material gas and etching 
gas, is carried out, and this raw gas by which plasma excitation was carried out enables it to 
process to homogeneity. 

[0041] In forming said raw gas supply structure 31 with conductors, such as a metal, said raw 
gas supply structure 31 forms the short circuit side of microwave by setting up shorter than the 
wavelength of said microwave said spacing between grid-like raw gas path 31 A. In this case, the 
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microwave excitation of the plasma is produced in said space 1 1 B, and raw gas is activated by 
the plasma diffused from said excitation space 1 1B in space 1 1C including the front face of said 
processed substrate 12. 

[0042] Since supply of raw gas is uniformly controlled by the microwave plasma treatment 
equipment 10 by this example by using the raw gas supply structure 31, even when the problem 
of superfluous dissociation in processed substrate 1 2 front face of raw gas can be solved and 
the large structure of an aspect ratio is formed in the front face of the processed substrate 1 2, 
it is possible to carry out desired substrate processing even in the inner part of this high aspect 
structure. That is, microwave plasma treatment equipment 10 is effective in manufacture of 
many generations' semiconductor device with which the design Ruhr differs. 
[0043] In plasma treatment equipment 10B of drawing 5 , it is possible by introducing various 
oxidization gas and nitriding gas, material gas, and etching gas from said raw gas supply structure 
13 to be low temperature, to deposit various high quality film on homogeneity all over the front 
face of said processed substrate 1 2, even if said processed substrate 1 2 is a diameter substrate 
of macrostomia, or to etch said front face into homogeneity. 

[0044] Drawing 4 shows the configuration of the shower plates 141-144 by various modifications 
of said shower plate 14. 

[0045] With reference to drawing 4 , said shower plate 142 is understood that said shower plate 
141 has the concave surface of a truncated-cone configuration to having the concave surface of 
a cone configuration in the side which meets said processed substrate 12. Furthermore on said 
shower plate 143, the circular crevice forms the level difference configuration, and two or more 
level difference configuration crevices are formed on said shower plate 1 44. These crevices are 
formed in axial symmetry by each to the medial axis of said shower plate, and uniform processing 
is guaranteed around said medial axis. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (A) and (B) are drawings showing the configuration of the microwave plasma 
treatment equipment using the conventional radial line slot antenna. 
[Drawing 2] (A) and (B) are drawings showing the configuration of the plasma treatment 
equipment by the 1st example of this invention. 

[Drawing 3] It is the bottom view showing the configuration of the raw gas supply structure used 
with the plasma treatment equipment of drawing 2 (A) and (B). 

[Drawing 4] It is drawing showing various modifications of the plasma treatment equipment of 
drawing 2 (A) and (B). 

[Drawing 5] It is drawing showing the configuration of the plasma treatment equipment by the 
2nd example of this invention. 

[Drawing 6] It is drawing showing the configuration of the plasma treatment equipment by the 3rd 
example of this invention. 

[Drawing 7] It is drawing showing the configuration of the plasma treatment equipment by the 
4th example of this invention. 

[Drawing 8] It is drawing showing the configuration of the plasma treatment equipment by the 
5th example of this invention. 

[Drawing 9] It is drawing showing the configuration of the plasma treatment equipment by the 
6th example of this invention. 

[Drawing 10] It is drawing showing the configuration of the plasma treatment equipment by the 
7th example of this invention. 

[Drawing 11] It is drawing showing the configuration of the plasma treatment equipment by the 
8th example of this invention. 
[Description of Notations] 

10 and 10A- 10G and 100 Plasma treatment equipment 

1 1 Processing Container 
11a Exhaust air port 

1 1b Overhang section 

1 1p Plasma gas supply port 

1 1 r Raw gas supply port 

11 A, 11B, 11C Space 

11G Reduced pressure and helium supply port 
1 1 P Plasma gas inlet 

1 2 Processed Substrate 

13 Maintenance Base 
13A RF generator 

14 Shower Plate 

1 4P Porosity shower plate 

14A Plasma gas-nozzle opening 

14B, 14C Plasma gas path 

14Q, 14Q' Microwave transparency aperture 
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1 5 Cover Plate 

16 16* Slot plate 
16a, 16b Slot opening 

17 17' Body of an antenna 

18 18' Slow wave plate 
18A, 18B Ring-like member 

19 Cooling Block 

19A Cooling water path 

20 20' Radial line antenna 

21 Coaxial Waveguide 
21 A Outside waveguide 
21 B Inside feeder 

31 Raw Gas Supply Structure 
31 A Raw gas path 
31 B Processing gas nozzle 
31 C Plasma diffusion path 
31 R Raw gas supply port 
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[Drawing 3] 
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[Drawing 6] 
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[Drawing 11] 
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(54) ^XvMSJIB 



(57) mm 

asm v^^aisr^xvsasgs^fc^T, 




1 

omul nstj:oia««n, »«rass*«it 

tuE&agggtfUc X^ Xvtfx^&S&f 3 X^ Xv #7. 

^ a &7 > 7~r £ ck D * K> , 
t&Ev^o&jgji&a, MESiaasffi^fts-rs-ii 

ROHtf, ffiEv^P&SilSO&^ftMilEfooTS 
[»*«2] fuEP^Ha, iuEv^a&ifiii&cDg 

xfamjK in] o xaawt M'>-r s ^ i: i: ? zm 
am i ESox^xvjsuigBe 

^« 2 es© x^ xvsassBo 

[«*«4] tuffiP^Uti, fuEv^a&jijggog 

^[S]^i!iiciR]oT«^wtjg'>-r 5 ^ t*®mt? sit 

2 £ 3 EicOX^ Xvjaggs, 

m$.m 2 S fcti 3 EKOX^XvaaJIgBo 
*|ql^flK|qioTBa«k:»'>-r*cfc%«p«4:-r5ll 30 

mm 1 i5Sc©X7XvjaagH= 
jc^oTM^-rsc tz&®£?zm$.m 1 k«©X5 

XvjaggBo 

i~8c^, i^-rn^-sieeox^xv 
[»sr« 1 0 ] ifrEv>c * d &&i£ti, wex? x 

"T £>«£* 9 te§c©X7 Xv jfflSSBo 
u-hKHESLTKitStu fuEXvXvtf^ilgStc: 
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±9&£>££*#®£1-£,»li OEtO^Xvft 
USB. 

•y^±»)ft*ci:*»ai:-r«ffl|*flli OSfcfcti IE 
©(DX^XvjaggB, 

bimse 1 3 ] m&vr * assastt, t^wm- 

Bt#H l 4 ] ilBV'f * ai£jgi§?g?«, ffiE&gS 

^Xv^ggBe 

ra*si 1 5 ] im&iwmm. tm* 7=^i 

7XvMSgg 0 

Ctt*Bi6] HuEX^Xv^fitJ&gPfi, SUEMS 
fr-«E«<DX5 XvJBMSgo 

xv^agg 0 

XvjaggB, 

^xvma^Bo 

■r n*»-sffi«oX7 xvsaagBo 

CHS3S2 1] tuEv-r^aS7>xXtiv^7;l/v 
Y>7>n-v h 7 yy-i- =t t) * 5 C k*««fr 5 If *S 

1-2005-6, ^-rn^-3SEfcOX5XvSn.SS 
B 0 

[0 00 1] 

BBffiOJRfaatlKHJ] *»Wtt-»fc7*7X^«S 
£0 

[0002] x^xvsaaisjsitfx^xvfflagB 

ifi^Oi/^^Sx^-X^XS^ny^feSiHi 
x-f-X-9-X^*-^-5^a>^?i:^fti5 0. 1 

aaik^ftSBogig^, ?i B B a g*gB^#tJiSfii^s 



(3) 

3 

[ooo3] ¥mftmw*®£km*mm<Dm&iz&t>n 

X-y b?ttffigli«£ffifct>fc»>J3-ftXn-fc**fT5 

^©x^xvsaagBT'tt, ^gi^irBg^s 

[0 0 0 4] -73, fle*«kOifiaBK**ffl^-ffc:v>r^ 
pftX^Xvaag&gjWfgsnT^So ffdittf, 20 
h£S?-3TOtfc07>-rX (7^7;l/7^yXD7h 

xv^riig & «fig£D x^ xvfflanKaqBg * nr 

i/>5o flUittfWIWS-e 3 7 9 3 CO J: 

5 ft¥i£ T'§bj£2 ftfc v-T * n jfcX^ X 7T?I47 >r X 

Zo Lfrfcfrfr£¥j£T«£nfcV^Pi£X7Xv 30 

■ett v w * n mc a t> x? xv^iae-r § fc&«??gg 

[0 00 5] 

m&<r>mi\ m\ ca) . cb) *»*»*5s;7/i/ 

7-OXD7 h7>?-X*ffio;fc(«£*4>v-f'*njfcX5 
XTjBaSHi 0 0©M^tc fcJSLBl (A) « 40 
v^pfcX^X^ttSgSl 00©KBi@£, SfcH 
1 (B) \± ! ?*J7A/ ! 7'(y7sUyYT>Tlr0Ml8&™. 

[0 0 0 6] El (A) *#SS"rst, v^fi'D^ 

xvsaagsi o oi4a»ogfa#-h 1 1 6*^»st 

SftSfflSS lOi^WU tutesaSM l 0 l 

mm.\ 1 4*«jt-rsfiat* 1 1 5«?nt^ 

3o buI2«SS 1 0 1 4>JS-ft»«*HSi-rsfcik tu 
EfiHWtl 1 5^iCli'J>^«C$ni 0 1 Atfig 

is*nTi3D, fflEaao»a#- 1» 1 1 e^ma^rs so 
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i o i AKaar*j:3fc§iBiHre, t%t>%&® : mm 

0 1 £ffifiE2M 1 0 1 A3SitfgESutf-h l l 6*^L 

[0007] sufsjaas i o i ±ti*, bu82£&£ i i 

5±<D&ia3S«i l 4tc^jS-T3fiiHk:, Mfe&a^ 

1 0 lO^liO-gp^LT, 9 £D£3& 
QHQffil 0 7*«*«nfc««©S/+7-^U-h 1 
0 3#i/-A'Vy?l 0 9 5:^LTJgfi!c?nTl3 0, £ 

9 &S#^-XU-h 1 0 2t>\ m<Oi/-/W) 

yf\ 0 8^tr^e.nTt/>3o 

[0 0 0 8] t5te^-v7— XU-h 1 0 3fctt-t©±E 

tx^x^xoiissi o 4#j£j&£n-c*5tK tufgjt 

ISoMPgP l 0 7 <D&4 ttmfiaXvXv**xJiK l o 4 
EgiI-f3J:-?K3i££ftTi,^o Mf2->^7 

-xu-h i o 3cDrta5tca, mtfm&m \ o 1 ©a- 

Btia^6nfcX5Xv3ff^ffil&*-h 1 0 5fc»T 
SX^XvtfXO^&ffl^ 0 8*M2ftT}3*K M 
iaX7Xv3tfX«l&#- M 0 5 fcftfcSftfc A r 
rHOX^Xv^Xti. iulfitt&ii&l 0 8^5.bub5j1 
SSI 0 4*/VLT13IBBHPWl 0 7lc«*&^n, tOSBBB 
Pgp l 0 7 A>e.Hul5«LaSg§ 1 0 1 rtfflWtftiES'-*' 7- 
XU-M 0 1 0 1 BE, HRWlC-aft 

[0009] mtmmm^ i o i ±t&. zzicmm* 
m-xu-k i o 2©^ftit x wiea^-xu-h 1 o 

2^e>4~5mmJKHLT. Hi (B) K^fSMifa* 
^-T3^> ; 7;^'ryXD-y h7>xt 1 1 OtfMlfZ 

tiT^s. mM?i?T)i7-jyxuy hryT-r 1 1 o 

ttfl-asovY^aHBi tc^iWl^B 1 1 0 

-r^nstcio, Sute^i o i Btam^nfex^x 

v#x£@liigf So BtK*^-XU-b i 0 2^7^7 

little & t)7t«^nTv>3 0 
[ooio] tuis^^^^i'yxp-v h7>ft i i 

0(4, ffl£Htt*&&l 1 0AO>1.fl!l*»*fC»a*n 
fc¥ffl*f r ^X^^07>7 L X**l 1 OBi:, buIE7 
>ft**l 1 0 BOF^PgPtc^^nft, 01 (B) 
K7Ht£®L<r)Xay M 1 0 a tSitfcntE^-rS^ 
^(DXD>y M 1 0 b*»fi!t^nfc)KI>ffil 1 0Ci:J: 
K)**), Hu!27>7 L X*i*l 1 OBiiMiaRltfil 1 0 

i 0D^}fA?nrv>3o 

[0011] 3b^3^07->*7;l'V'l'>Xn-v h7> 
rtl 1 OTtt, lufEPWW^i l 0*p6IWt*nfc 
■e-r^PiStt, B ljfH7 ; '('X^tt07>'xX*i*l 1 OB 

fctt»Ki i octoiB*, ^s^cjE^oa^sji 



tT-T^V'i'^a&OjSfitWjStTtuEXD-y M 1 0 
afcitfl 1 0 b*BAR«t, frof§S{cifi£-f 
b KBfcLTis< elicit), ROift^^-rSTffiK* 
fiffiBttat&i l OCKfHtHfcSieftSiRiCSMM-SC 

[0 0 12] *^5-7'>*7;l/7')'> / 7.D-y h7yft 1 
1 0*«5ilfclC«tO, tufe^7-yu-h 1 0 3tt 

[0 0 l 3] HiO^vXvjaSSHl.OOT'tt, «6 
fct&EfflSSS l 0 1 Suffix l 0 3 

-tt"f ) fr5mfie&3!$8g 1 0 1 1>fcUBjS*ftfc«yi#X 

1 3*©jS*ftfc*{ttl!i6ftl l ljWBtfSftTfeO, 

toe/x/n 1 3©§^ti, ms&znrcwmisxz, to 
esif**3fito 1 1 1 twm&ti. 1 1 4 totaoma 1 

0 i ctttffl-r*. laisswttdjfi* 1 1 1 heir 

fttSyX/M 1 3 1 13 i:<D|ffl£, fijIHSW 1 0 1 
Bfc43l/^T»JS«nfc^7XT*WB3SIBIl 0 1 BfrS 
lfflS£R9l 0 1 CtaURCfcO, »*<t<jl51*-&SJ: 

[0014] *ct?, c®&oizmm&mTg.VBi 1 1 

fr&ME/X/H l 3*^bT*H;ff**till5ffinBl 0 

1 ctaatfc«^, ttffl«tifc«3i»xH:wi2a»n i 

0 l BKfc^TJ&jSSnfciSfBKXvXvKiOE&gS 

n, BuieMma»«i 1 4±»c, -a^XvXvjaa 

S'fc«E*?5!ftr*Cfca 

1 1 Ofre.SfcStenfcv^ajfc^ frfrsgftfltifift 

i i iciOEiLsn, 1 4^«fs^-a-§ 

[0 0 15] 

[»W^»ftb±3i:-r*H!B] fc«i5T?Hl CA) , 
(B) ©fie*077XvJQfflSt«l oOTii, Mfi2->+ 
7-7V- M 0 3 £&$&Sg« 1 1 4 fcOlfflOMPItf 
Rl^fcft, tuie^ffll 0 1 B43<fctf 1 0 1 CKltz/W 
-7l>-b 1 0 3©S73Ir1'n<Dj1^T*^&XvXv 

«umb«*i-u Huiessaassi 1 4 

T'MIBJIS^Sl 0 1 fiOEfcjWETLfc*^ WK^ 

*7-xu-h 1 0 3 (ommmzts^r-f^x^&t^ 
iSTL^-ri/^SA^c^o mwis§§i 0 1 \h<d 

S.tlif'A r HH^cpT' 3 0 0 m T o r r WTKffiTLfc 
S/+7-XU-h 1 0 3<DJiifl»t^'»T^ , 5X 



(4) 2 0 0 2 - 2 9 9 2 4 0 

6 

ggfii 0 i©rtg®T«t-&c£E£Bt 

#x?>n5o 7*7X-70A'> h*7ffifi&7. 5X10 
10 c m' 3 X-h^tcib. -7z>X-*mW*fr1rZ>t>vY*7 

**5-> + 7-yi/-l- 1 0 3B2fflSfcfcW-5 

<. vw^n»3Wftiaa»si 1 4K:a^tcenin?nT 

[0 0 17] *»W<DJ:»)aft«&ilHl4, {gi/^SJE 

!64y5XTfi3Sai*!l«-r*c4:lc**. 
[0 0 18] 

20 sas*fia«-rs«i^«fiiAfc«Bis»i:, Mtejaa 

t^Xvjtfx^fitt&f S^Xv^xftl&fflSi:^ tufa 

30 «ck*«fafc-r57*7Xv«saElilc:J:t), SfcttH 
^2JcfBHLfci5lC KtlENNIB. Bijia^-r^a^ 
3SiaS©S*iRl^ffl!llciqioTa«Wfc:ilt / >'r*<: tttft 

^#^fcT5fl*S 2fE«oX7XvSaagHtct t), 

d 2 * fcii 3t2S©X7Xv5aa 

40 SBtcJ:*), Sfctill«S5t;:fe«cLfccfc5tc^ 

awt s c 4: fc r ^ n^s 2 s « 3 tee 

©TvXv&ligBE J; 5 , 6 fcEKLfc 

[B]oTji'>-rsc: fc*»atr*»** 1 f2«<07vX 

50 7fflUffli:±»), Sfctt«*«8tc|EgLfc < k5tc, 



(5) 

7 

■f tnp-m&m<o77 x^mm^m^ £ $ rc am* 

zmmttzmxm 1 -805^ ^-m^-sEiso 
f7X-?wm.mwic&K>. $fc(4»*si oicieeufc 

i-Mc, H9i5v^^D«2iftgH: % MEX^Xvtf^a 

-XU-McffiSLTKtt&fts MffiX^TN'tfT.aSS 
«LS»IIfc:J:!K SfcttBWSEl 2£E«l/fcJ:3lc, 

*i#«i:-rsai*5i8Sfctti i ekox^xv&ijis 

gtcktK SfcttBM&El 3tE«UfeJ:5K» ME"? 20 

a, MEMas^-gp*«$-r**M-xu-hi:, 

#«9Ett©X5Xv*yigHfcJ:»K 
*J:9ftSCfc*1$ai:-r5SI#JBi 3$fctti 4EfB 

©x^xvjaaggtc j: o x $ fcttitowi 1 6 tctsm l 30 
gt«j«*tifc, x^xv #xsjcsfflraiiifc«<fc k> 4 

E«©X7Xv«®s»c«fc») % asfcttlWffli 7tE 

y*£*)l3:ZCt*&mt1rzm3tiMl 6E«©X^X 

fi(fEM«iaS«i:«fEXvXvA*xjii:o 

i~i 7©5^ v-fttfr— JSEltOX^Xv&iggE 40 
tc±Ds ilt&mxmi 9lcE«LfcJ:5fc, tOE^a 
X^XvfcffljfiS-frSX^XvBKi:, 

at-raaisflii 8E«oX7Xv«yi»inc:«fcij» s 

fcttttttS 2 0 fcEKLfcJ: 3 1, * &fcmJE«#fck: 

-19©?-^ ^-rn^-^ES^x^xvsassgtc 
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5Ci:£*#&i:-t£.f»3<3U~2 0co5-^ vm**- 

^ES©X7Xx-iaaast«to, M&.tz 0 

[ttffi] ^HElCkfttf, iiE->-f7-XU-KO»5Di 

asigK?*ffi-rsfflitcBas«:^-r«ci:tc<to, &$a 

7-XU- hTffifc»5aaSfiSBBfc©HOF^IS*^> 
U ^*7-XU-hJS23|5Eistti>X7Xv®g©<£ 

sx^xvjaa^ffo tc®<&izt>&mmmmmw&mc 

»*K«t»), X7Xvo*^fe(Sji?ns 0 ^fracas 
^fiSttcfcsx^xvo^ftii, sjaass^XvX^ 

[0019] frfrscas^frfs^^-xi'-b^L 
-xu- h « % ©a^ii^-eo-gp^ft LX^xvatiii 

£**J**3^ft*^-Xl^ hfcfHSLTRtt&ft 

SGEMSJfcJBjSU X^XvtfX*^ ->-v7-XU 
-hfcflMrfk:, WftHtJctiBuEfiLaM'f'^A-rs 

[0 0 2 0] *f6Wfc±S->+"7-XU-hfc«Wiv 
■Y*n»iiaST*ti\ HiJEHS^ft-r^ffitWlRJ-rs^ 

Slcfliffire** 7>x-t*/rbfc->-v7-XU-h©^ 

[00 2 1] 

uzwomm<D&Mi [gimmm] mz (a) . 

(B) 14, *PI©^liMia5v^^r7X 
[0 0 2 2] 02 (A) %«5Bf§lC» IuE^^dS 

x^xvsasasi oaiaa^ggi 1 tOEJaa^§§ 
1 irtKH(*6tu s^aassi 2^tff^ia 
Dfima»*L<tt[»iHKS*EinEa (HIP) ti 

t)^fi!t?nfc:A lNtKfiA 1 * Ch <t *) 1 
3 BuES!ia^§§ l l rtfclitffEfiftfc l 3 

Btr$ni l At^Hfilt, 1-ftt>^H5E«#^ l 3± 

©«©asfi 1 2 LTBttJ*»&ii«-e'>4 < 1 1 
*«nri^. tuEma^fgi ia, *>*>5Sf^-h 

[0 0 2 3] SuEJaaS&l 1 ti»tL<(4A 1 



(6) 

9 

MSSffil 2lcttfo?Z&tt\c&, H I P&EcfcD^fiic 
Zfttcffl&HA l2O3=t»)^0^£OyX;l/F^PSPl 4 
A£^j££ftfc7^X^#©>'-V' , 7-Xl/-h 1 4#, 
KHSWSO-WfcbTJB/S^nSo frfrSH I Pat J: 
*)fc&LZtiTch \*Osisvy--?U-h 1 4«Y*03£ 
«8S»S!li:LTffioT®lS«n, 0 3%« 

TT-HHWtc^?L J f>tfy*-;l'«:^A,T'fcP)-r\ 3 OW 

g«*^w-rs 0 io 

[0 0 2 4] MESs-v 7-XU- h l 4 ttttSB&iSgg 
WES/ir7-^U-h 1 4±Ett|HJttftH I PaBSICfc 

»)^«*hfc«ffi*A iiOi*t)a**^-yu-b i 

5^ 9 s—M)y9\ 1 t SA-LTRttftnT^ft. 15 
£5/ir7-XU-h 1.4©JWB*/*-7U-h 1 
r*lllcttiWE/X/HIP»l 4 AO^^KidL^ 

D3pP 1 4 B ttfflfiJS'-* h 1 4 <DftgMCj&$£ 

n> mt!immk\ \ ©ttgfcj&acsftfcx^xvjffx 20 
api 1 pKaai-rsajo^xvjtrxsstti 4 eta 

[0 0 2 5] f5fEv'-Y'7-XU-b 1 4»BufBffiaSS§ 
1 l0ABlc£jft£tifc9t>tilLSl 1 bfciOfiHfS 

ft-rfc^ luiaaoajLgpi 1 b©?-£> 

[0 0 2 6] *<IT\ HufBX^XvtfXAP 1 lptffi 
&£ftfcA r^K r^X^XvtfXtiitfffBS/^-X 
U- M 4 ftgfl©giig§ 1 4 C fcitf 1 4 BJ&JH&jffifiL 30 
fc&> UEBBPfflJl 4 A^LTtufB^ 7-XU-h 
1 4ET©^1 1 B (tHC-«fc{KlBSft5o 

[0 0 2 7] S9sB*^-XU-> 1 5±t«\ fufBA^ 
-XU-M 5E«BftLB3 (B) t^T^i&OXn-y 
M6a, 1 6 b£^$£ftfcTVX:7#c©Xa>y h*g 
1 6fc, lufBXD-yhfil GZUntZT-iXirttCDT 
>-rX*ft 1 7 sulBXa -y hW. 1 6 £itu!B7>"7 : -X 
7fc©H£SSe<*ftfcA liO». SiiN«, Si 
ONfcSVHiS i 0itfOfi«*B!«(ttfSJ:»)*5jl 

8i:Ecfci3«fig^nfc7v ? 7;l/7^^7.o-y h7 40 

yy-i-2 ojWStt&ft-ci^s. MIE^vo^i/xo-y h7 
^y7>ft2 oimtmm^ 1 1 ±k->->i/u >x 

1 1 ufcrt-LTSBSSftTfcD, i&IB^7;l/-7f >X 
a -y h7>"r"t2 0lcHjeJBa6Si/^ttn}B»fffi*^-rs 

■f) 2. 4 5 GH zfeS^{48. 3GHz 

IBXn<y bffil 6±<DXny M 6 a, 16bfr5>Su!B 
*/<-Xt/-M 5 43±tfS/ + 7-XU-h 1 4*^L 

T«tE«i««i lWzttMzn. soffit 7-xu- 50 
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h 1 4ilT©^l 1 BlCfct^T, fflSBflPffil 4AA> 
©K, buIB*A-XU-M 5*J<fctf">+7-XU-h 

i 4«a uojtio^^tiraOx xfr^ftftv^ 

^©^. HffiBX^Xvtfx 
%&1 4 A~l 4 Ct:fe^TXvXv#E!]g£ft&©£ 

@as-r*fc«>^ HufBX7X-7**x«, gtusasKi 4A~ 

1 4 C£43l,">T&6 666Pa~13332Pa (8)5 
0~1 OOTo r r) ft £ 0 

[0 0 2 8] BufBvv^l/^-f^XD-y h7>x^2 0 

ibxd -y hfi i 6 E^-rsmiiasasstg 1 1 <d±m<d 

-mzVXfV&mi 1 gjb«£ftT}5tK 
1 1 g£\ CftfcjffilLfcSISRsS-M 1 G£:frLT#J 
SCt BuaBXa-y hffil 6 £#A-XU- 

h i 5 komicm&zhrcmmzm&u *«eic± 

t)> MfS7^7;U^yxn>y h7>xX2 O^fulB* 

^SHllfflCti, BufEXP-vhSl 6KUBtf*ft 
ftxn-v M 6 a, 16 b#^3:ft3tf, ^ftWfl-fc t> 

a^-x^-h 1 5SiB©«aifti3flaif*^aaisic 

7->"7;V7'OXni7h7>ft2 0i:il!lI^l 1 t 

<Dm<r>i/—)W yf i i utio^nT^s,, 

[0 0 2 9] S&fcfl&ESMKsK-h 1 1 G»J:tf»l 5 
g^LTtulBXP-y h«l 6 I:h01S*^-XU- h 1 

*3fc«r*«£fctt, 0. 8«fiESfiOE*K:HSfS 
©tf»SU>. 03£D«fiET'(i, tufBiHi 5g<DUmts 
«fctF»l 5 g-\©^Sttm03t*Ofc46, tuIBSm^ 
-Ml 1 V^S^ftT^So 

[0 0 3 0] BufB|S|f*2»i&W2 1 A©'?^, y1-i)©WS 
W2 1 A£M!Bx-rX*tt©7>x7"*ftl 7t«il$ 
ft, ^Li^i*2 1 Bit. mllBaKSl 8E^^ftfcM 
Pa5^LTHUlBXa«y hfil 6Cg^ntV^. * 

tufB7>X7"*<*l 7i:XD>yhSl 6i:©P^^S73l°I 
KJifiLft*i«6, 1512X0 -yM6a, 1 6 b J: 

^ft^o 

[0 0 3 1] 02 (B) ttffiSEXny h«l 6±K3JR 
^ftfcXa>y h 1 6 a, 1 6 b%it c 

[0 0 3 2] 02 (B) *«H-r*E, fjlB7.n-yhl 
6 aim>bPimc&m2nT*s'0, S^©XD-y h 1 6 
afcttrSLT\ CftEEfrfaxay h 1 6 b^HC< 
H^Rttt^fiK^ftTV^o HulEXa-y M 6 a, 16 



11 

bit. lu!HXn-yhfil 6<D¥mj5m^ Huf2»fflS 1 

i e^&WJPBKfcft-aTifcW^na. *©!^ hubEx 

[0 0 3 3] ^fifiWO^XvjaS^B 1 hu 

*flO©*ffi*MHIffi^©»ififfi*«JfiLTfc»>, *-©*§ 10 
*MS22'+7-XU-h 1 4^SMSSffil 2 ©affit 
-»-fS¥ffifc©HM>MI!Da\ iiufB~>-v7-XU-h 
1 4©¥S73fa±ft£tfaoT?f £MC$'>-f So f* 
t)S«}fSIHIffi}g«Bllfl«S5:ttffiK«t 5fflJi!c£ttT:l3 

t». HuiePiPiD^MffiMJaassi 2©^agiHc*;^T 
[003 4] cWEiO, BufSX-7XvSa3ig@i or- 

a K7-rx<y^>^if, i&EmmitT'fi o&mv&z 

[0 0 3 5] (A) ©X^XvjaagH 1 0 

T*tt, huI27>t^*{*1 7±K, ^»7j<jlSSl 9A£ 
JBj££nfc&SlXo-y* 1 9ffJ&jS<*riT*5»K HUlBJS 
SIXd 7^19 *t{i!a^ai*jiSS l 9 A ^©tf^TMcfc 

[0 0 3 6] tfc, 02 (A) 0-?-<^DS/7XvI 
SSHl 0T-B> Mi2#yiS2§l 1*, «HE->+7-X 
U- M 4 fcttK«8£ 1 3 1 2 fc©M 

K. % MiB$aS£§§l l©3iSfc:tt^6nfc«M**xax 

□ 1 1 Tfrzm£fiz*&&-$ti!in*$®L<D9!mjsx 40 
/x/hwp»3 1 b i3« *»6ftffi-rs»?«o 
aan#*iis§3 1 A**rr*8m2rx#*ft«iig3 1 #k 
w-en, BuiB«aa**x«^ig3 1 ttuiB^^sssi 
2i:©p^©^i 1 cicfc^r, ms©i3-&sfi£ag 

x^x^sitw 7<7X-?mm<t®m, x^xvev 

frZMB&Ml lCtC F. . Cs F» $ftl*C t F 
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1 3iciSS^tt?gi 3 Afr^JiSttEE^EPinrrsct 
tit), tijIBS^SSS 1 2JcWLTSJStt-T*>xy 

[0 0 3 7] *ll$0J£±3v^P&77Xv$ailg 

si ota, HufBjais^gH 1 loflBBi 5 0° emm 
[0038] 04 a, 02 (a) (Dmmctstfzimfi 

Xffit6«jft3 1 ©»l£*^JSffiHT*S. 
[0 0 3 9] H4«#SH-rsic, HufE$agjb*X{ttfS*i§ 

3 1 amtfMg^/ufcA 1 ^-^a 1 mia^y-yu 

$ag#7.il&3 1 AafjfBBS*'7.aAP 1 l rC»I 
#X#l6#-h3 1 Rlc4B^T«tt*tU TffifB$£tt 

fc^a©saa**x/x;nipaJ3 1 Bfr&sagtfT^tu 
esihi 1 cKt$-Kmm?z 0 sfc, MiBJaa**x« 
*g«ii3 1 ta, KS^?»iaaA*xffiss3 1 a«/ 
=y x v ^ X7 x v * t # £ ft a sag # x * a a £ -a- £ n 
pgP3 1 c*Mfnn>5. «»E«yi*x«t&«jfi3 

l£Mg^TA l^tcJ:0JB*r *«^»ctt» SffiC 
JMfc*M*^*LT*< ©tf#3: U\, SfctulBSaa*" 
*«£«ii3 1%A imijQX7->U7,X=?—Mc£K>B 

»j£l/f:fe<©#S$Lv\, *^t±SXvXviaa 

ggioT-a, rassttssig;£ns7*7Xv(*i©*? 
[0040] ffiffite™tag#7M3 1 MszxfKm 

«i 2=k!3t J f»^ti/^^*/^--rsi;5t^e, 

nn^o 4^s«yi^flas«JS3 1 5rStiB->^7- 

Xb- M 4i:^^aaS«l 2t©Ht»^*Ci:KJ: 

^-cjoa-rsi: prat**. 

[0041] MSBS0a^X«i*&»jg3 1 

Affls©Fan^tu!Bv^ ^D^©sfi i ^ aas-r 

^di:k:j;0> MIB&aA'X^^ii 3 l li^^ni 

sagaitufB^FtS i i B(fk:i3^T©*4i:, mibm® 

SSSi 2©8ffi*£tr£Ml l CK*f»Tt4flfH2Be 
[0 0 4 2] *^Sfifi?iJt<J:5v^^DjSX5XvSaa^ 
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ass 1 2 m&icisvz'Mmimommzmffi? a c t 

[0 0 4 3] @5©^Xv«iggMl OBT'lJ, MtE 10 
|g^**7.^x-y^>'^A'7.^WA-r5i:i:fc e j;t), MIS 

ssagssi 2 ©assist, Mte&jaagfc 1 2# 

«»U feS^BtafBSffifciS-tx^y^-fSCi: 

[0 0 4 4] H4& BufB>'-\'7-Xb-h 1 4©g« 
&£JB0>lt«I:5>'+7-XU-M 4,-1 4 < <D«f£* 

[0 0 4 5] B4*«H-r«fc, BSfE~>-v7-XU-h 20 
l 4,BfuIBM$aaSl£i 2tttMT*<ltP]li^#<D 
E3ffi**rfS<Dfc*fU ttffi$'+7-7V-M 4>li 

7-Xb-h 1 4 3 T'BR^©IHWJ&M^#*J£J&L 
S/+7-7V- h©*£*t»LTfB*ftt®l«SftT 

fet), MiB^L>tt©iii0T*i5-*iaa*wsE*n5o 

XTSaaSBl 0A©*fiE*^1- o fc£LH5>k ifefc 30 

[0 0 4 6] as x^x^&a^g 1 0 

ABMEX^X^SaaSgi 0i:S«bfc*«*SU 
tffi£tt$Q3I£& l 2 £->*7-Xb- h 1 4 £©P<SP1D 
tf, tufB^ J f7-XU-h 1 4<0*S^±^7a£lHlo 
TM'>-T53b\ HuiBX^XvEagg l 0 AT?tiHuf55a 

[0 0 4 7] *^5*l«<07*7Xv»iSEa 1 OBT* 
»4, BUteTISi/ + 7-Xb- h 3 1 jWW&Strr^afc 40 

i 4*»6^7Xv^fckt,t»fk^a6s^«Sft3!f 

*^fi6^J<7)X7X-75!iaSSl OAftt, «j£#fsig{fc 
[0 0 4 8] *HJS«IKfeV^Tt, lulSMUD^SaS 
2JBafflJt43tt«X7XvffifiOfllT3!Wf«*n, x^ 50 
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Xv#££t8B§sn, &$aa«ffii 2H2»tfetts 
X7X^r8S^^Dj£fci3S«<DJS<I, 

[0 0 4 9] 0 5<OX5Xv#iaggl OAm *#t 

saaaasi 2o^{k5aa^g{k2is. mmwm&z 

[0 0 5 0] *fSttfflHcfc^T&, Mf2i<' j r7-XU- 
h 1 4©ftfc>Dt04T*iaB£Lfcv' + 7-XU'-h 1 4 
i~l 4 3 %^5ili:*' ? RrHET'ai>o 

v&aggi OBOM^t. fc£Ug6*, ftttt 

[005 1] 0 6£#BB-f3t, ^ftffiflJtfc^TBitu 

£?L«-tr7S^J:'3&3v'+7-Xb-M 4 P*<£ 

[0 0 5 2] tutB'>*7-XU-h 1 4 P4>tBS/-v7 
-Xb-M 4f|»t*3W-SJ:-5ftS'-1r7— BHP8B1 4 A 
tt»*«nTV^4v^ XvXv#x&*&#-M l P 
imMt£tirz-f : 7X-?J}X&&& l 1 4 C 1 4 B^ 
JB«*nT*0, &*&£nfcX5Xv#;uj, milBX^ 
Xv*'X«^l 4Bfr£>iiu!E£?LK~>*7-XU-h 

i 4 ptpo^TL^iioT, suie^i i B^t, -«t 

[0 0 5 3] *HS6fWtfe^Tfc, MfB->+7-XU'- 
h 1 4 POTffif4«iWft4IHIffi*}B«L, MfeTffii:^ 
5&SSS1 2O*iBi:<0iaOBBIHDH:» &S&aS« 1 2 

ojaiaastiRioTSE^-r*. H6o*ij*tfe 

vTttffiKftfflSISS i 2©J5aSI5ti3W-*7*7Xv« 
[0 0 5 4] E6©X7XvS0,aSSl 0 BT'tt, fiuE 

fejasssi 2<D^ffi(D^ffit«^^ig D a D«^%{g?a 

[0 0 5 5] *HfiS0tJt*3^Tfc, b3§5£?L®>'+7- 
Xb-M 4 P<DC3ffii:LT, H4 t^Lfctt-er^iaffi 

[m4^asfl?lJ] 07t±, *fWOjB4*SS«tJ:aX7 
Xv^a^Bl 0C<D*««:St, fcf£L07*, 5fet 

KWbfc»»t»ra-<D#gifiF<f%(*b, ^^^sisi- 

[0 0 5 6] H7*#g|-rst» **KflH<0X7Xv«l 
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ggs i o c ftox^xv^ggg i o b tm&tt 

So 

[0 0 5 7] frfrSfitfiEtoX^Xvaaggl 1 0 CT* 
tt, f5ET&^7-7V-b3 1 tfgSSSftT^Sfc 

C fcttT#fcl\t>V MIES' i-7-TV-h 

x*08&-r s c t 1 * d , ttjoasssoiicft wf>& 

[00 5 8] **fifc«lfcfc^Tt», tuf2->+7-7 p U- 
h 1 4 P©TiBttttaftftiaSi*}BjSU t5ieT®i:M 
MSSSi 2®*ffii:OfflloliBPIDH:» &SQSSS1 2 
0H2BMClRjoTilfe!>-t*. C<Dfci6, B 7 

££ss£o«{§, s^v^ttjaaaKofiTftHoran 20 
[0059] 07 ©T^xvjaggg 1 0 c wt, #t 

[0 0 6 0] *Hfl60lJ©->+7-7*U— M 4PlC*Jl/-> 

[S5HS6MI 08li, *^©^5HSgWc<tSX7 
XvjaggHi ODOM^t. fc«LH8 4», 30 

wwLfcai5»c«iRi-oiW!a«Ht*(*L, sw§*ii«rt- 
So 

[0 0 6 1] H8*#ia"rSK» HttH(C43^T»H6 
<0%mmKisVZ>&ftMi/* 7-7*1/- M 4 Pfeitf 
#^-7V-h i 5jWfti£*u frfeSfctOfeSJaSS 

<gi zKWffi-rsflUciHnB^^rrsaiBft-fe^s-y^j: 

So 40 
[006 2] 08 £>#§(£T-{4, ^ a jfotiig 1 

4Qtt«nE*^-7'U-M 5©«MI**fc'r#* 06 

-TSPslngfll 4 AttJBj«snTfe&t\ S'Jlc&gggli 
lOWt, Si l P«k0ft*7*7Xv3ff^#AW3WB 

5->*7;l/5-r>XD-y h7>x^2 0^gLT^^e> 
ntv^o tul27°7Xv*-X«Agi 1 Pt4, MifBS5!L 

[0 0 6 3] frfr5«l3iT*«, tflEW*nifcSiISn 50 



1tH2 0 0 2-2 9 9 2 4 0 
16 

4Q^Tffi&ift#**£IH]ffi£^f£U iiuf2Tffii:«I 
gffil 2<OS®i:OSC»P^liDf4, KffiSSffil 2©^ 
iagPlC|RjoTjg'>-rS 0 HCDTctb. 08<9«f£K:*5^T 
{4suI2S5aSSS 1 2 0^aSPfc^lt5X7Xv^g<r) 

Si 2^iagptct5ttSX7Xvo^S^-7'i'^PSK:i 

jg-f SC*:#T'tSo 
[0 0 6 4] 08©X^X^S!lSSfil 0DTH4, 

[0 0 6 5] *HSfit5ll«)7*'7XvSjS^k:*5V»Tfe. 0 

[m6^SSM] 09(2, *^©m6HffiWc«J:5X7 
XvjasSBi OEOifltSSt. fcf£L09(p, Jfcfc 

So 

[0 0 6 6] 09*#S8-TStc, *HfiSW©7*5X ,, ?ffli 

use i o e ttfto^xvfiasiEii 1 o d tmwLtz 

T<^S„ 

[0 0 6 7] ^s«j^t±ntf, tuiax^xv^x^ 

AfH 1 PiDK r^A TlZ.E<T)^m&13XtOzfiX 

aH<o»{ttt*xabs^ttNHi3jf^a&5^«Ni fcHt 

ssaassi 2cDgffitci«o a pK©&{fc)i j s > g{fcJi, &s 
i^4Kg{fcffii*\ ffiiBT«j¥,fc < «f S «: A^ffiK 

[0 0 6 8] fCR, *HSfi«TH:|(JEv-i'^paaajfi 
£ l 4 QOTffifcttfflJiSfi l 2 ^©^©SliDtfMfB 

So 

[0 0 6 9] *^SS^JOV-r^a^Sl 4Qtfc-^T 
fe, 04tc^bfc^S:C3S«:ffi^ili:^T*tSo 

mitmm 01 oii, *nwojB7i6aswic±*7* 
ms-rso 

[0 0 7 0] 01 0£#58-f SK, *^fi60tJT't±tuf2BI 
H»S 1 4 Q<Dftfc t) JC-«ft»«©»!«(*S HQ' 
tCfcD^fiSc^tiT^S, 

[00 7 1] 3&»ft»SBS*(*S 1 4 Q' T*{4, P3iB*JBlS 
-rSTffilcWlSLT, ±ffi#dbffi£JM-fSo 
l OOX^XvjaagSi 0T(±, jpfiftME^Trt/ 
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yft20' ttpgai*»«-r*^py h*i 6' 

L, miiSXD-yhSl 6* ±lCl£[H|ffi£»f37:/-r 
T t>\ P^cjSfijLfcjIfflftl 8" ZftLXm 

[0 0 7 2] 3b^**lSO^XvftiaSElB 1 OF KtS 

titimffxitfw&tzctKi*!)* &%mmmi 2© 10 

[S8»] 01 ltt, *«W©*8H«HWK:J:5^ 
^XvjaggB 1 0 G<D«fig%^-To fc£L0 1 1 

[0 0 7 3] 0 1 1 *HB»X7Xv 

saaas i o Gttsfconfifetfflox^xvfiyigg 1 o f 

[007 4] frfrSflMtOX^XviGJISB 1 0 G lets 

v^Tt, tGie&saass 1 zo^agukusitsx^xv 

Sfk^Sfb, S!g{bftif<D^-ftXvXvJ!ia*g 

[0075] *¥m&±$z ! $m<Dnmmfc®fe2tizt> 

OTttft<, Wim*0«lfflEB«bfc*«IB©HI8rt 
[0076] 30 

tj » § xv^g<o(ST^s*T- 1 , immmic 

[01] (A) , (B) it. ^©^i/'T/^'f^D 
[02] (A) , (B) (4, *$^<DS!l3gfi&0!IK:J:3 

x^xv^aBoiftKfcavrBi-efcs. 40 

[03] 0 2 (A) , (B) ©X^XTjaJISBT'Mfe 

[0 4] 0 2 (A) , (B) OX7XvjaSSH©«« 

[0 5] *fgiHog2*««fc:J:SX7XvJ[yiSEfi© 
«fiSt^-T0TS5 o 

[06] *«wo«3ig«5fiiifc±aX7Xvi!iasB© 
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[07] *mi<om4M&mte£z77X'?imgm(D 

[08] *^<D^5HKigiJ»c<fcSX5XvS!iSSg© 
[09] *^©^6HfiSff0tc«t5X5XvS!iSSB© 
[010] *^©£7fSM«fc.fcSX7X^«yi«B 
[011] *«W©»8ia60!HcJ:S^Xv«yiSlI 

10, 10A-10G, 100 XvXvMSgl 

1 1 mm&m 

1 1 a SPSC*- h 

1 1 b ssmLgp 

1 1 p -/vXviiX&te*- h 

1 1 r VSMJJXW&X—h 

1 1 A, 1 IB, 11C 

11G «EfeJ:tfHeffite*-h 

1 1 P X^Xx'tf^tSAn 

1 2 tt&gj££ 

1 3 

1 3 A ©Si£«ii> 

1 4 + h 

14P ^TUtv'^y-Xl'-h 

1 4 A X^ Xv # 7. y X;l/M PSP 

1 4 B, 1 4 C X^XvtfXilSg 

i4Q, 14Q' ^-f^njfcaas 

15 a^-xu-h 

16, 16' 7.D-y h« 

16 a, 16b Xn7 M»Pg& 

17, 17' 7yy~f*W 

is, is* m&m 

1 8 A, 1 8 B iJ^WB 
1 9 ftSlXny^ 

1 9 A ftSMSS 

2 0, 2 0' "yi/T^^yryy-f- 

2 1 m®m>®M 

2 1 a ftwmm 
2 1 b 

3 1 mmism&mm. 
3 1 a aantfxiiss 

3 1 B WMfSZSXfr 

3 1 C X^X^ffif&lSS 
3 1 R ffl3#*«|g#- h 
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02m®% ¥\h mm F 4G075 AA24 M42 BC04 BC06 BD14 

■SmJ\h^nmSMm^9m mt±¥ CA26 CA47 CA63 CA65 DA02 

ft EA06 EB01 EC01 EC13 EC30 

(72)5£H#g miW fiScf'J EEOl FB02 FB04 FCOl 

^i&mi\is^9mS.mm^nm 3fcJfc*¥ 4K030 BA38 BA42 EA05 FAOl JA03 

ft KA30 KA46 LA18 

(72)%HM t?til 5F004 AAOl BA20 BB11 BB14 BB18 

■§i&m{ii^9ms.m^nm sat** bb28 bcos bdo4 daoo daoi 

ft DA02 DA03 DA04 DA05 DA11 

DA12 DA13 DA14 DA15 DA16 
DA17 DA18 DA19 DA20 DA29 
5F045 AA09 AB32 AB33 AB34 AE23 
AE25 BB02 DP03 DQIO EF04 
EF05 EH02 EH03 



